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I. REAL PARTY IN INTEREST 

The real party in interest is Northrop Grumman Corporation, the assignee of record. 
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11. RELATED APPEALS AND INTERFERENCES 

None 



III. STATUS OF CLAIMS 

Claims 1-27 are pending. Non-elected invention, claims 1-20 have been withdrawn. Claims 21- 
27 are rejected. 
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IV. STATUS OF AMENDMENTS 

After Final Amendment filed April 2, 2007, was acknowledged in the Office communication 
mailed September 5, 2007. The amendment was acted upon by the examiner and entered. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 

Reference for support of each element of the claims is in italics and refers to the amended 
Specification submitted October 26, 2005 

Independent Claim 21 

A semiconductor structure is etched by releasing a fluoride gas into a chamber, whereby an 
exposed portion of the hard-mask defining a via hole is etched away. Next, a second etching 
process is performed that etches the polymer layer by releasing a second fluoride gas into the 
chamber. This creates the vertical side walls. 

21. (Previously Presented) A device including a via produced by the process comprising the 
steps of: 

placing a hard-mask on a polymer layer; 
See all of paragraph [0008], all of [0024], Figure 2A 

placing a photoresist mask on said hard-mask; 
See all of paragraph [0008], all of [0024], Figure 2A 

releasing a first fluoride gas into a chamber to etch a hard-mask opening for defining a 
via hole; and 

See all of paragraph [0008], all of [0024], all of [0025], Figure 2B 

releasing a second fluoride gas into said chamber to etch an exposed portion of 
said polymer layer defining said via hole with at least one vertical sidewall, 
See all of paragraph [0026], Figure 2C 

whereby the via hole comprises an aspect ratio which is greater than 1, and is of 
substantially the same diameter throughout the depth of the via hole, 
See all of paragraph [0027], all of [0030], Figure 2C, Figure 3 

Independent Claim 22 

A semiconductor structure which has already been etched by releasing a fluoride gas into a 
chamber, whereby an exposed portion of the hard-mask defining a via is etched away, as well 
as a second etching process has already been performed that etched the polymer layer by 
releasing a second fluoride gas into the chamber. This creates the vertical side walls from 
which a third fluoride gas is released into the chamber whereby the hard-mask is etched away 
and an exposed portion of the polymer layer at the via-opening is etched away to create the 
tapered sidewalls. 
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22. (Previously Presented) A device including a via produced by the process comprising the 
steps of: 

placing in a chamber a semiconductor substrate including a polymer layer 
defining a sub-micron wide via-opening deposited on said semiconductor substrate. 
See all of paragraph [0008], all of [0024], all of [0029], all of [0031], Figure 2A 

and a hard-mask defining said sub-micron wide via-opening deposited on said polymer layer; 
See all of paragraph [0008], all of [0024], all of [0029], all of [0031], Figure 2A 



whereby the via comprises an aspect ratio which is greater than 1 , and is of 
substantially the same diameter throughout at least one-half the depth of the via; 
See all of paragraph [0027], all of [0030], all of [0034], Figure 2C, Figure 3, Figure 4A 

releasing a third fluoride gas into said chamber to etch said hard-mask 
See all of paragraph [0031], all of [0032], all of [0033], all of [0035] 

and an exposed portion of said polymer layer proximal to said sub-micron wide via- 
opening thereby creating at least one tapered sidewall within a via. 
See all of paragraph [0032], all of [0033], Figure 4B, Figure 5 

Claim 23 depending from Claim 22 

A semiconductor structure which has already been etched by releasing a fluoride gas into a 
chamber, whereby an exposed portion of the hard-mask defining a via is etched away, as well 
as a second etching process has already been performed that etched the polymer layer by 
releasing a second fluoride gas into the chamber. This creates the vertical side walls from 
which a third fluoride gas is then released into the chamber whereby the hard-mask is etched 
away and an exposed portion of the polymer layer at the via-opening is etched away to create 
the tapered sidewails that are at least one-third the depth of the via. 

23. (Previously Presented) A device as recited in Claim 22 wherein the via includes a 
tapered sidewall extending at least one-third of the depth thereof. 

See all of paragraph [0036] 

Claim 24 depending from Claim 22 

A semiconductor structure which has already been etched by releasing a fluoride gas into a 
chamber, whereby an exposed portion of the hard-mask defining a via is etched away, as well 
as a second etching process has already been performed that etched the polymer layer by 
releasing a second fluoride gas into the chamber. This creates the vertical side walls from 
which a third fluoride gas is then released into the chamber whereby the hard-mask is etched 
away and an exposed portion of the polymer layer at the via-opening is etched away to create 
the tapered sidewails that are up to one half the depth of the via. 



6 



24. (Previously Presented) A device as recited in Claim 22 wherein the via includes a 
tapered sidewall extending up to one-half of the depth thereof. 

See all of paragraph [0036] 

Independent Claim 25 

A semiconductor structure is etched by releasing a fluoride gas into a chamber, whereby an 
exposed portion of the hard-mask defining a via hole is etched away. Next, a second etching 
process is performed that etches the polymer layer by releasing a second fluoride gas into the 
chamber. This creates the vertical side walls. A third fluoride gas is then released into the 
chamber whereby the hard-mask is etched away and an exposed portion of the polymer layer at 
the via-opening is etched away to create the tapered sidewalls. 

25. (Previously Presented) A device including a via produced by the process comprising the 
steps of: 

placing a hard-mask on a polymer layer; 
See all of paragraph [0008], all of [0024], Figure 2A 

placing a photoresist mask on said hard-mask; 
See all of paragraph [0008], all of [0024], Figure 2A 

releasing a first fluoride gas into a chamber to etch a hard-mask opening 
for defining a via hole; 

See all of paragraph [0008], all of [0024], all of [0025], Figure 2B 

releasing a second fluoride gas into said chamber to etch an exposed 
portion of said polymer layer defining said via hole with at least one vertical sidewall and a 
sub-micron wide via-opening; 
See all of paragraph [0026], Figure 2C 

whereby the via hole comprises an aspect ratio which is greater than 1, and is of 
substantially the same diameter throughout at least one-half the depth of the via hole; 
See all of paragraph [0027], all of [0030], all of [0034], Figure 2C, Figure 3, Figure 4A 

releasing a third fluoride gas into said chamber to etch said hard-mask and an 
exposed portion of said polymer layer proximal to said sub-micron wide via-opening 

See all of paragraph [0031], all of [0032], all of [0033], all of [0035] 

thereby creating at least one tapered sidewall within a via hole. 
See all of paragraph [0032], all of [0033], Figure 4B, Figure 5 



7 



Claim 26 depending from Claim 25 

A semiconductor structure is etched by releasing a fluoride gas into a chamber, whereby an 
exposed portion of the hard-mask defining a via hole is etched away. Next, a second etching 
process is performed that etches the polymer layer by releasing a second fluoride gas into the 
chamber. This creates the vertical side walls. A third fluoride gas is then released into the 
chamber whereby the hard-mask is etched away and an exposed portion of the polymer layer at 
the via-opening is etched away to create the tapered sidewalls that are at least one-third the 
depth of the via. 

26. (Previously Presented) A device as recited in Claim 25 wherein the via includes a 
tapered sidewall extending at least one-third of the depth thereof. 
See all of paragraph [0036] 

Claim 27 depending from Claim 25 

A semiconductor structure is etched by releasing a fluoride gas into a chamber, whereby an 
exposed portion of the hard-mask defining a via hole is etched away. Next, a second etching 
process is performed that etches the polymer layer by releasing a second fluoride gas into the 
chamber. This creates the vertical side walls. A third fluoride gas is then released into the 
chamber whereby the hard-mask is etched away and an exposed portion of the polymer layer at 
the via-opening is etched away to create the tapered sidewalls that are up to one half the depth 
of the via. 



27. (Previously Presented) A device as recited in Claim 25 wherein the via includes a 
tapered sidewall extending up to one-half of the depth thereof. 
See all of paragraph [0036] 



VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



(1) Whether claim 22 is unpatentable for being informal. 

(2) Whether claims 21, 22, and 25 are unpatentable under 35 U.S.C. 102(b) as being 
anticipated by Lin (U.S. Patent No. 6,515,369) of record. 

(3) Whether claim 21 is unpatentable under 35 U.S.C. 103(a) over Yu et al. (U.S. Patent 
No. 6,004,883) in view of Lin (U.S. Pub. No. 2002/0068441) all of record. 

(4) Whether claim 21 is unpatentable under 35 U.S.C. 103(a) over Yu et al. (U.S. Patent 
No. 6,004,883) in view of the feature not taught by Yu, as an obvious matter of design 
choice. 

(5) Whether claim 21 is unpatentable under 35 U.S.C. 103(a) over Yu et al. (U.S. Patent 
No. 6,004,883) in view of the feature not taught by Yu, not being disclosed in the 
specification as either critical in nature or unexpected results arising therefrom. 

(6) Whether claim 21 is unpatentable under 35 U.S.C. 103(a) over Yu et al. (U.S. Patent 
No. 6,004,883) in view of the feature not taught by Yu, as within the purview of one 
having ordinary skill in the art. 

(7) Whether claims 23, 24, 26, and 27 are unpatentable under 35 U.S.C. 103(a) over Lin 
(U.S. Patent No. 6,515,369) in view of the feature not taught by Lin, not being 
disclosed in the specification as either critical in nature or unexpected results arising 
therefrom. 

(8) Whether claims 23, 24, 26, and 27 are unpatentable under 35 U.S.C. 103(a) over Lin 
(U.S. Patent No. 6,515,369) in view of the feature not taught by Lin, as within the 
purview of one having ordinary skill in the art. 
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VII. ARGUMENTS 



(1) Objection of claim 22 for being informal 

Claim 22 was objected to because of the following informalities: line 4 recites: "via- 
opening" and line 8 recites: "via hole". Appellants assert that "via hole" is not recited in claim 
22, therefore, this objection is unworkable. 

(2) Rejection under 35 U.S.C. 102fb) over Lin (U.S. Patent No. 6.515.369) 

(a) Claim 21 

Claim 21 has been rejected under 35 U.S.C. 102(b) as being anticipated by Lin '369. 
Appellants respectfully traversed this rejection. The Examiner has idealized the drawings in 
Lin to conform to what he believes the invention to be in Lin. Nowhere within Lin does it 
teach the elements of Claim 21. The Examiner cites Figure 5a, however Lin is silent on 
teaching how to achieve this complicated process. Appellants novel process results in a device 
that has never before been accomplished on a sub-micron or micron level. The idealized 
drawing does not meet the requirements of 35 U.S.C. 102(b) because the Appellants invention 
was not patented or described in Lin. A crude drawing in Lin that represents an entirely 
different concept and invention is being used by the Examiner to erroneously reject Appellants 
invention. 

(b) Claim 22 

Claim 22 has been rejected under 35 U.S.C. 102(b) as being unpatentable in view of 
Lin '369. The Appellants respectfully traversed this rejection. Lin Figure 10 which is cited by 
the Examiner has been idealized by the Examiner into something that it is not. It does not even 
show the elements as claimed in the present invention. 

The apertures formed by Lin, as idealized by the Examiner, are structurally different 
than the vias of Claim 22. The vias of Claim 22 are dimensionally accurate to micron and sub- 
micron levels, having substantially the same diameter throughout the depth of the via other 
than at the tapering at the via-opening. These tapered sidewalls are only etched at the via- 
opening and are not throughout the depth of the via. The rest of the via hole has vertical 
sidewalls. Lin is silent as to the tapering and verticality of the sidewalls of such vias. The 
Examiner has cited Figure 10, however there is no disclosure that there is tapering of the 
sidewall, much less how to achieve it. Appellants invention is unobvious because it presents a 
novel way to etch vertical sidewalls in a via along with a tapered opening, such that via 
openings are not overlapping and damaging adjacent features. This novel process results in a 
device that has never before been accomplished on a sub-micron or micron level. Nowhere 
within Lin '369 does it teach the elements of Claim 22. 
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(c) Claim 25 



Claim 25 has been rejected under 35 U.S.C. 102(b) as being anticipated by Lin '369. 
Appellants respectfully traverse this rejection. The Examiner has idealized the drawings in Lin 
to conform to what he believes the invention to be in Lin. Nowhere within Lin '369 does it 
teach the elements of Claim 25. Lin Figure 10 which is cited by the Examiner does not even 
show the elements as claimed in the present invention. The Examiner has failed to establish a 
prima facie case for a 35 USC 102(b) rejection, since Lin '369 fails to patent or describe the 
Appellants invention. 

Appellants believe that they have successfully overcome the rejection based on 35 
U.S.C, 102(b) by persuasively arguing that the claims are patentably distinguishable from the 
prior art. 

(3) Rejection of claim 21 under 35 U.S.C. 103(a) over Yu et al (U.S. Patent No. 
6.004.883) in view of Lin (U.S. Pub. No. 2002/0068441) 

Claim 21 has been rejected, under 35 U.S.C. §103(a) as being unpatentable over Yu et 
al (U.S. Patent No, 6,004,883) in view of Lin (U.S. Pub. No. 2002/0068441). The 
Appellants respectfully traverse this rejection. 

Addressing the cited art, Yu merely teaches a method for forming a via whereby the 
resulting aperture comprises a second trench corresponding with a first trench and at least a 
portion of a first via. The method taught by Yu is unable to etch a deep via hole having 
substantially the same diameter throughout the depth of the via. As stated in Yu at col 4 lines 
48-50, "The aperture comprises:(l) a second tieiich corresponding with the first trench; and 
(2) at least a portion of the first via. " The aperture that results is staggered and does not have 
smooth vertical sidewalls. There is absolutely no consistent verticality of the walls of the via 
hole, as can be seen in the figures. This results in an entirely different device than that claimed 
in the present invention. The vias of Claim 21 are dimensionally accurate micron and sub- 
micron via holes of substantially the same diameter throughout the depth of the via hole due to 
the prescribed method of the present invention. The via hole that is produced has vertical side 
walls, see paragraph [0027] of the amended Specification submitted October 26, 2005 for 
support. There is no teaching, showing or suggestion of verticality of the sidewalls of the via 
hole in Yu which would result in the present invention's via hole having substantially the same 
diameter throughout the depth of the via hole. The present invention is unobvious in view of 
Yu. 

Lin may disclose a via with an aspect ratio greater than one, however there is no 
teaching, showing or suggestion of vertical sidewalls of the via hole which would result in a 
via hole having substantially the same diameter throughout it's depth. Since Yu does not make 
the present invention obvious for the reasons stated above, adding Lin merely for the aspect 
ratio would still not accomplish the structure of the claimed device. 
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There is no suggestion, teaching or motivation found in the references to practice 
Appellants claimed invention. Seo Ex parte Clapp, 227 USPQ 972, 973 (Bd. Pat, App. & Inter. 
1985) ("To support the conclusion that the claimed invention is directed to obvious subject 
matter, either tlie references must expressly or impliedly suggest the claimed invention or the 
Examiner must present a convincing line of reasoning as to why the artisan would have found the 
claimed invention to have been obvious in light of the teachings of the references."). Even if the 
Exai-niner's position regarding the art were taken as correct, he has failed to point out where there 
is a suggestion or motivation to combine these references. Since there was no suggestion or 
motivation in the references, success cannot be expected to achieve what the Examiner believes 
is disclosed in these references. Additionally, the level of skill in the art cannot be relied upon to 
provide the suggestion to combine references. AlSite Corp. v. VSI Int'l Inc., 174 F.3d 1308, 50 
USPQ2d 1161 (Fed. Cir, 1999). Finally, the prior art reference (or references when combined) 
must teach or suggest all the claim limitations. There is no teaching or suggestion in the cited art 
of each of Appellants process and device elements, which the Examiner points to. Therefore, a 
prima facie case of obviousness has not been proven. Appellants respectfully request that this 
ground for rejection on this basis be withdrawn and that Claim 21 be passed to allowance. 

(4) Reiection of claim 21 under 35 U.S.C, 103(a^ over Yu et al (U.S, Patent No. 
6.004.883) in view of the feature not taught by Yu. as an obvious matter of design 
choice 

Appellants have traversed the Examiner's rejection as an obvious matter of design choice 
to define a via having an aspect ratio greater than 1 . The size modifications within this 
technology field are cutting edge and continually evolving, that is the field of art, to create more 
precise semiconductor devices. The Examiner has failed to cite any art which can support his 
argument. Under 37 CFR 1,113, official notice without documentary evidence to support an 
Examiner's conclusion should be rare, especially when an application is under final rejection. 
Official notice unsupported by documentary evidence should only be taken by the Examiners 
where the facts asserted to be well-known, or to be common knowledge in the art, are capable of 
instant and unquestionable demonstration as being well-known. Appellants assert that instant and 
unquestionable demonstration of this knowledge is not present here. Therefore, the Examiner has 
not made a prima facie case of obviousness. 

(5) Reiection of claim 21 under 35 U.S.C. 103(a) over Yu et al. (U.S. Patent No. 
6.004.883) in view of the feature not taught by Yu, not being disclosed in the 
specification as either critical in nature or unexpected results arising therefrom 

In response to the Examiner stating that there is no disclosure of either the critical 

nature of the claimed aspect ratio of greater than 1 or any unexpected results arising 
therefrom, the Appellants respectfully traversed this argument presented by the Examiner. 
Disclosure can be found at paragraph [0027] of the amended Specification submitted October 
26, 2005. 



12 



(6) Rejection of claim 21 under 35 U.S.C. 103(al over Yu et al (U.S. Patent No. 
6.004.883) in view of the feature not taught bv Yu. as within the purview of one having 
ordinary skill in the art 

Appellants traversed the rejection that the novel process that results in the claimed 
structure would involve a mere change in the size of a component, and that such change is 
generally recognized as being within the level of ordinary skill in the art. 

The Examiner is held to the same standards as the Board of Patent Appeals. Precedent 
case law dictates that "the Board cannot simply reach conclusions based on its own 

understanding or experience - or on its assessment of what would be basic Icnowledge or 
common sense. Rather, the Board must point to some concrete evidence in the record in support 
of these findings." Zurko , 258 F.3d at 1385, 59 USPQ2d at 1697. The Examiner has failed to 
cite any art which can support this argument of being generally recognized within tlie level of 
ordinary skill in the art at the time the invention was filed. 

(7) Rejection under 35 U.S.C. 103(a) over Lin (U.S. Patent No. 6.515,369) in view of the 
feature not taught bv Lin, not being disclosed in the specification as either critical in 
nature or unexpected results arising therefrom 

(a) Claims 23 and 24 

In response to the Examiner stating that there is no disclosure of either the critical 
nature of the claimed extending of the tapered sidewall in the range from one-third to one half 
or any unexpected results arising therefrom, the Appellants have respectfully traversed this 
argument presented by the Examiner. On tlie contrary, notwithstanding In re Saunders, AAA F.2d 
599, 607, 170 USPQ 2L3, 220 (CCPA 1971), from the beginning the Appellants have supported 
this claim in the specification at paragraphs [0027], [0033], and [0036] in the amended 
Specification submitted October 26, 2005. The Examiner is failing to understand the technology 
and where in the specification disclosure can be found. 

(b) Claims 26 and 27 

Similarly in response to the Examiner stating that there is no disclosure of either tlie 
critical nature of the claimed extending of the tapered sidewall in the range from one-third to 
one half or any unexpected results arising therefrom, the Appellants have respectfully traversed 
this argument presented by the Exaininer. Disclosure can be found at paragraphs [0027], 
[0033], and [0036] in the amended Specification submitted October 26, 2005. 

(8) Rejection under 35 U.S.C. 103fa) over Lin (U.S. Patent No. 6.515.369) in view of the 
feature not taught by Lin, as within the purview of one having ordinary skill in the art 
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(a) Claims 23 and 24 



Appellants have traversed that the novel process that results in the claimed structure 
would involve a mere change in the size of a component, and that such change is generally 
recognized as being within the level of ordinary skill in the art. The Examiner has failed to cite 
any art which can support this argument of being generally recognized within the level of 
ordinary skill in the art at the time the invention was filed. Appellants refer to the above 
arguments in paragraph (6). 



(b) Claims 26 and 27 



Appellants have traversed that the novel process that results in the claimed structure 
would involve a mere change in the size of a component, and that such change is generally 
recognized as being within the level of ordinary skill in the art. The Examiner has failed to cite 
any art which can support this argument of being generally recognized within the level of 
ordinary skill in the art at the time tlie invention was filed. Appellants refer to the above 
arguments in paragi*aph (6). 



Respectfully Submittiw 

a 

Theresa,!. Wasilausky 
Reg. 53,746 
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CLAIMS APPENDIX 



1 . (Withdrawn) A via etching process for a polymer layer deposited on a semiconductor 
substrate comprising said steps of: 

placing a hard-mask on said polymer layer; 
placing a photoresist mask on said hard-mask; 

releasing a first fluoride gas into a chamber to etch a hard-mask opening for defining 
said via hole; and 

releasing a second fluoride gas into said chamber to etch an exposed portion of said 
polymer layer defining said via hole with vertical sidewalls. 

2. (Withdravi^n) A via etching process as recited in Claim 1, vi'herein said first fluoride gas 
comprises trifluoromethane and argon. 

3. (Withdrawn) A via etching process as recited in Claim 1, wherein said first fluoride gas 
comprises a volume ratio of one part trifluoromethane to one part argon. 

4. (Withdrawn) A via etching process as recited in Claim 1, wherein said step of releasing 
first fluoride gas further includes applying bias power within the range of 
approximately 25 Watts to approximately 32 Watts. 

5. (Withdrawn) A via etching process as recited in Claim 1, wherein said step of releasing 
first fluoride gas further includes applying pulse-modulated power comprising 
inductively coupled plasma power within the range of approximately 725 Watts to 
approximately 755 Watts. 

6. (Withdrawn) A via etching process as recited in Claim 1 , wherein said said step of 
releasing first fluoride gas further includes for approximately three to seven minutes 
doing all the following: applying a first fluoride gas comprising an equal ratio of 
trifluoromethane and argon, applying a pressure of approximately 10 milli-Torr, 

5 applying a temperature of approximately 20 degrees C, applying pulse-modulated 

power comprising inductively coupled plasma power within the range of approximately 
725 Watts to approximately 755 Watts, and applying bias power within the range of 
approximately 25 Watts to approximately 32 Watts. 

7. (Withdrawn) A via etching process as recited in Claim 1, wherein said second fluoride 
gas comprises Sulfur Hexafluoride and Oxygen. 

8. (Withdrawn) A via etching process as recited in Claim 1, wherein said second fluoride 
gas comprises Sulfur Hexafluoride and Oxygen, wherein said volume ratio of gases is 1 
part Sulfur Hexafluoride to 3 parts Oxygen. 
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(Withdrawn) A via etching process as recited in Claim 1 , wherein said polymer layer 
etching step further comprises applying bias power within the range of approximately 
57 Watts to approximately 62 Watts. 

(Withdrawn) A via etching process as recited in Claim 1 , wherein step of releasing a 
second fluoride gas further includes applying pulse-modulated power comprising 
inductively coupled plasma power within the range of approximately 475 Watts to 
approximately 505 Watts. 

(Withdrawn) A via etching process as recited in Claim 1 , wherein step of releasing a 
second fluoride gas further includes for approximately one and half minutes to six 
minutes doing all the following: applying a second fluoride gas comprising Sulfur 
Hexafluoride and Oxygen, wherein said ratio of gases is 1 part Sulfur Hexafluoride to 3 
parts Oxygen with an associated pressure of approximately 5 milli-Torr, applying 
temperature of approximately 20 degrees C, applying pulse-modulated power 
comprising inductively coupled plasma power with the range of approximately 475 
Watts to approximately 505 Watts, and applying bias power comprising a bias power 
with the range of approximately 25 Watts to approximately 32 Watts, 

(Withdrawn) A via etching process as recited in Claim 1, wherein said polymer layer is 
benzocyclobutene polymer. 

(Withdrawn) A via etching process as recited in Claim 1 , wherein said polymer layer is 
a material with a dielectric constant less than 3. 

(Withdrawn) An etch process as recited in Claiml, wherein said semiconductor 
substrate is chosen from the group consisting of Indium Phosphide and Gallium 
Arsenide. 

(Withdrawn) A via etching process for a polymer layer on a semiconductor substrate 
comprising the steps of: 

placing in a chamber said semiconductor substrate including a polymer layer 
defining a sub-micron wide via-opening deposited on said semiconductor substrate, and 
a hard-mask defining said sub-micron wide via-opening deposited on said polymer 
layer; 

releasing a third fluoride gas into said chamber; 

applying bias power within the range of approximately 105 Watts to 
approximately 120 Watts; 

applying pulse-modulated power within the range of approximately 725 Watts to 
approximately 755 Watts; 

pressurizing said third fluoride gas within a range of approximately 5 milli-Torr 
to approximately 20 milli-Torr; and 
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continuing the above steps until etching said hard-mark and an exposed portion 
of said polymer layer proximal to said sub-micron wide via-opening creating tapered 
sidewalls. 



(Withdrawn) A via etching process as recited in Claim 15, wherein said third fluoride 
gas comprises trifluoromethane and argon. 



17. (Withdrawn) A via etching process as recited in Claim 15, wherein said third fluoride 
gas comprises a volume ratio of one part trifluoromethane to one part argon. 

18. (Withdrawn) A via etching process as recited in Claim 15, wherein said continuing the 
above steps within the range of approximately three minutes to approximately seven 
minutes. 

19. (Withdrawn) A via etching process as recited in Claim 15, wherein said polymer layer 
is benzocyclobutene polymer. 

20. (Withdrawn) A via etching process as recited in Claim 15, wherein said polymer layer 
is a material with a dielectric constant less than 3 and has an etch rate 10 times slower 
than that of said hard-mask layer. 

21. (Previously Presented) A device including a via produced by the process comprising the 
steps of: 

placing a hard-mask on a polymer layer; 
placing a photoresist mask on said hard-mask; 

releasing a first fluoride gas into a chamber to etch a hard-mask opening for defining a 
via hole; and 

releasing a second fluoride gas into said chamber to etch an exposed portion of said 
polymer layer defining said via hole with at least one vertical sidewall, 

whereby the via hole comprises an aspect ratio which is greater than 1 , and is of 
substantially the same diameter throughout the depth of the via hole. 

22. (Previously Presented) A device including a via produced by the process comprising the 
steps of: 

placing in a chamber a semiconductor substrate including a polymer layer defining a 
sub-micron wide via-opening deposited on said semiconductor substrate, and a 
hard-mask defining said sub-micron wide via-opening deposited on said polymer 
layer; 

whereby the via comprises an aspect ratio which is greater than 1 , and is of 
substantially the same diameter throughout at least one-half the depth of the via; 
releasing a third fluoride gas into said chamber to etch said hard-mask and an 
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exposed portion of said polymer layer proximal to said sub-micron wide via- 
opening thereby creating at least one tapered sidewall within a via. 

15 23. (Previously Presented) A device as recited in Claim 22 wherein the via includes a 
tapered sidewall extending at least one-third of the depth thereof. 

24. (Previously Presented) A device as recited in Claim 22 wherein the via includes a 
tapered sidewall extending up to one-half of the depth thereof. 

20 

25. (Previously Presented) A device including a via produced by the process comprising the 
steps of: 

placing a hard-mask on a polymer layer; 
placing a photoresist mask on said hard-mask; 
25 releasing a first fluoride gas into a chamber to etch a hard-mask opening for 

defining a via hole; 

releasing a second fluoride gas into said chamber to etch an exposed portion of 
said polymer layer defining said via hole with at least one vertical 
sidewall and a sub-micron wide via-opening; 
30 whereby the via hole comprises an aspect ratio which is greater than 1, and is of 

substantially the same diameter throughout at least one-half the depth of tlie via hole; 

releasing a third fluoride gas into said chamber to etch said hard-mask and an 
exposed portion of said polymer layer proximal to said sub-micron wide via-opening thereby 
creating at least one tapered sidewall within a via hole. 

26. (Previously Presented) A device as recited in Claim 25 wherein the via includes a 
tapered sidewall extending at least one-third of the depth thereof, 

27. (Previously Presented) A device as recited in Claim 25 wherein the via includes a 
tapered sidewall extending up to one-half of the depth thereof. 



18 



EVIDENCE APPENDIX 

Lin (U.S. Patent No. 6,515,369) 
Yu et al. (U.S. Patent No. 6,004,883) 
Lin (U.S. Pub. No. 2002/0068441) 



Illllllllllllllllllllllllllllilllllllllllllllllllllllllll 

US006515369B1 

(12) United States Patent (lo) Patent iso,: us 6,515,369 Bi 

Lin (45) Date of Patent: Feb. 4, 2(M)3 



(54) HK;H PlCKl'OliMANCIC SYSTKM-ON-CHH' 
USING POST PASSIVATION PKOCIiSS 

(75) Invenloi; Mou-Shiung IJn, Hsinchu (I'W) 

(73) Assignee: Megic Corporation, Hsin-chii (TW) 

(*) Notice: Subject lo any disclaimer, the icim of this 
l>alent is exlenc^^^^] or adjusled under 35 
V.a.C. 154(10 by 0 days. 

(21) Appl, No,: 10/156,412 

(22) Kled: May 28, 2002 

Ueiated U.S. Application Dntii 

(02) Division of apjilication No. 0!)/!)70,00.5, filed on Ocl. 3, 

2001. 

(51) Int. CI.' HOIL 23/12 

(52) U.S. CI 257/773; 257/774; 257/724 

(58) Field of Soai-cli 257/773, 774, 

257/724, 700, 300; 438/616, 617, 614 

(56) References Citwl 

U.S. PATENT DOCUMENTS 
5,055,907 A - ltV19S*l Jac(*s 257/773 



5,100,461 A * 4/3992 Voilswn cl al 438/616 

5,212,403 A * S/1993 Nakamislii cl si 257/6S4 

5.372,967 A * !i1<J94 Siindiiiam ot al 437/60 

5,501,005 A * 3/19% Gehman, Jr. el al 29/840 

5,576,680 A * 11/19% Ung 336/200 

5,635,767 A * 6/1997 Wcnzci cl a! 257/778 

5,686,764 A ♦ 11/1997 Rilchcr 527/778 

5,884,990 A * 3/1999 BurgliarU c! al 336/200 

6,008,102 A * imm /Mford cl al 438/381 

* cited by examiner 

Primary ExMmi>er—Chs.ai.\ ra Cli aud ha ri 

Assi.suinl Examiner— yam-\\m B. Muynh 

(74) AiU)rney,Asenl, orFirm—OiiOjga O. Saile; Slei)lien B. 

Ackerman 

(57) ABSTItACT 

The preseni invention extends the above referenced 
oonlinuation-in-part application by in addition creating liigh 
quality electrical components, such as inductors, capacitors 
or resistors, on a layer of passivation or on the surface of a 
thick layer of iiolynier. In acklition, the i)rocess of the 
invention provides a method for mounfing discrete electrical 
components at a significant distance removed from the 
underlying silicon .surface. 

10 Claims, 11 Drawing Siiuols 



U.S. Patent 



Feb. 4, 2003 



Sheet 1 of 11 US 6,515,369 Bl 




U.S. Patent Feb. 4, 2003 Sheet 2 of 11 



US 6,515,369 Bl 




U.S. Patent Fcb.4,2«»3 Sheets of ll US 6,515,369 Bl 




23 



U.S. Patent Feb. 4, 2003 



Sheet 4 of 11 



US 6,515,369 Bl 




U.S. Patent Feb. 4, 2003 sheet 5 of 11 



US 6,515,369 Bl 



21 20 21 2(3 21 20 21 




15 18 15 18 15 18 16 

FIG. 5a 



19 19 



-18 

-14 

-17 
- 10 



FIG. 5b 



U.S. Patent Feb. 4, 2003 Sheet 6 of 11 



US 6,515,369 Bl 




U.S. Patent 



Feb. 4, 2003 



Sheet 7 of 11 



US 6,515,369 Bl 




U.S. Patent Feb. 4, 2003 Sheet 8 of 11 



US 6,515,369 Bl 





U.S. Patent Feb. 4, 2003 sheet 9 of 11 



US 6,515,369 Bl 




U.S. Patent Feb. 4, 2003 sheet 10 of 11 US 6,515,369 Bl 




^0 



U.S. Patent Feb. 4, 2003 sheet 11 of 11 US 6,515,369 Bl 




us 6,515,369 Bl 

2 

Ihat conipoiicnl. 'ilic luiicd circuit ciiii in Ihis luanncr be used 
as a filler to filler out or remove signals oi: cerlair, frequen- 
cies or to remove noise from a circuit configuration iliat is 
This is a division of patent application Scr. No. 09/970, ■''"""l processing analog signals. The nnicd circuit can 
005, tiling date Oct. 3. 2001, High Performance System s also be t.scd to form a l,,gl, elcclricahmpedancc by using I he 
V„ ■ n , ■ .■ 15 ■ 1 , ,1 . ,„ LC resonance of the circui and to [hereby counteract llic 

On-Chip Pos Passivation Process, assigned to the same ...ji;, ,|,,i,,,p,,,;c aeitcuii. One 

F.'^^^JlLrfri'"?. ''^ of the pmbkms thai L enc-ountero<l whett creating an indtic- 

n the surface of a semiconductor substrate is thai tlie 



MfiGOO-OOS, Scr. No, 09/970,005 filing dale Oct. 3, 2001, 



nialion-in-parl of attorney docket 
MSIJN98-002C:, Ser, No. 09/251,1.83, filing date Fel 



self-resonancc thai is causwl by I he parasitic capacilance 
between the (spiral) inductor and tiie underlying substrate 



1999, which is a continuation-in-parl of attorney docket r.i ■ i , ,r ■ r r . :„„ a.. 

MSLN98-002, Ser. No. 09/216.791. filing dale Dec. 21, ^^i" '""'^ " ""^ ""'"^'"^ ^^'f frequenc.es. As part 

908 ■issipned to common assiiinee "'^ '^'^ ^" " importance 

1998 .Lssignctl to common assignee. ^^^^^^^^ ^1^^ capacilive. coupling b.'.lwwui the crt>.ateri intluc 

liACKGUOUND OF THE INVIiNTION js 'of a™' flie underlying substrate. 

^ ^ , . , . At high frcqucijcios, the elcclromiignelic riekl liial is 

(1) 1-ield of the Invention generated by the inductor induces eddy currenis in the 
The invention relates to the manufacluring of high per- underlying silicon subslrale. Since Ihe .silicon substrate is a 

forinance Integrated Circuit (IC's), and, more specifically, to resistive conductor, the eddy currents will consume eleclro- 

methods of creating high performance electrical coniponenUs magnetic energy resulting in .significant energy loss, result- 

(such as an induclor) on the surface of a semiconductor j^g ;„ g Q capacitor. This is ihc main reason for a low 

substrate by rediicing the eleclromagnelic las.ses that are q value of a capacitor, whereby the resonanl frequency of 

typically incurred in the surface of the substrate. l/v'(l.,C) limits the upper boundary of the frequency. In 

(2) Description of Ihe Prior Art addition, the eddy cinrents thai are induced by the inductor 
'fhecxinlinued emphasis in Ihe .semiconducforlechnokigy 25 will interfere with the performance of circuitry that is in 

is lo create imjjrovod performance .semioonduclor devices at close physical proximity to Ihe capacitor, 

competitive prices. 'Ihis emphasis over the yeara has It has already been poinied out that one of the key 

resulted in extreme miniatnrixaiion of semiconductor componcols that are used in creating high frequency analog 

devices, inadc possible by continued advances of scmicon- semiconductor devices is ihc inductor lliat forms pari of an 

ductor j)rocesses and materials in combination with new and 30 LC resonance circuit. In view or Ihe high device density that 

-sophisticated device designs- Most of the semiconductor is typically encountered in iwmicoiiduclor devices and the 

device-s that arc at this time being created are aimed at therefrom following intense use of Ihe .substrate surface area, 

processing digital data. There are however also numerous Ihe creation of the inductor must incorporate the minimii'.;!- 

semiconductor de-signs thai are aimed si incorporaling ana- lion of the surface area that is required for Ihe inductor, 

log funciions into devices (hat simuliaiieouslv piiiuess digi- 55 while at the same time maintaining a high Q value for the 

lal and analog data, or devices tlial can be usuu ibr the inductor. Typically, inductors that are created on the surface 

proces-sing of only analog data. One of ihc major challenges oi" a substrate arc of a spiral shape whereby the spiral is 

in the creation of analog i)roccssing circuitry (using digital created in a plane that is parallel with the plane of tlie surface 

processing i)focedui-cs and c(|iniunenl) is that a number of of ihe substrate. Conventional methods that are used to 

the components that arc used for analog circuitry arc large 40 create the inductor on the surface of a substrate suilcr several 

in size aiu! are therefore not readily integrated into devices limitations. Most high Q inductors form part of a hybrid 

Ihat typically have feature sizes that approach the sub- device configuration or of Monolithic Microwave Integrated 

micron range. The main components that oftcr a challenge in Circuits (MMlC's) or are created as discrete components, 

Ihis respect are capacitors and inductors, since both these the creation of which is not readily integrattibic into a typical 

components are, for typical analog processing circuits, of 45 process of Integrated Circuit manufacturing. It is clear that, 

considerable size. by combining the creation on one semicondticlor monolithic 

A typical application for inductors of Ihe invention is in subslrate of circuitry that is aimed al the funclions of analog 

the field of modern mobile communication applications that data manipnialion and analog data storage wilh the trinctions 

makeu.scofcotnpact, high-frequency equipment. Continued "I' digilai data manipulation and chgual data storage, a 

improvomcnls in the ijerformance characteristics of this so number of significant advantages can be achieved. Such 

equipment has over the years been achieved, further advantages include the reduction of mamifacluringcost.s and 

improvomcnls will place continued emphasis on lowering the recluclion of power consumption by the combined func- 

Ihe power consumption of Ihe equipment, on reducing the fions. 'Ilic spiral form of the inductor thai is created on the 

si/.e of Ihe ctiuijjnioni. on increasing the 0|)erational frc- surfaccof a semiconductor .substrate however ro-sults, due lo 

iiueiicy oJ' Ihe applications and on creating low noi-se levels. S-S the phy.sical size of Ihe inductor, in parasitic capacitances 

One of Ihe main applications of semiconiluctor device-s in between the inductor wiring and Ihe underlying .subslrale 

Ihc field of moliile communication is the creation of Radio and catises electromagnetic energy losses in the underlying 

Frequency (RE) amplifiers. RE amiilificrs contain a number resistive silicon substrate. These parasitic capacitances have 

of standard components, a major component of a ly])ical RF a sei ious ncgalive efl/ecl on the fmiclioiiality of the created 

amplifier is a tuned circuit 'that contains inductive and fiO LC circuit by ^ai|)ly reducing the frequency of resonance of 

capacilive components. Tuned circuits form, depcndcnl on the Inned circuit of the application. More .seriously, the 

and determined by the values of their inductive and capaci- inductor generated eleclromagnelic field will induce eddy 

live componcnis, an imiwdancc that Is frequency dependent, currents in flic underlying resi.slivc silicon subslrale, causing 

enabling Ihe tuned circuit lo either present a high or a low a significant energy loss that results in low Q inductors, 

impedance for sigtials of a certain frequency. 'Ilie tuned 65 The performance parameter of an inductor is lyi)ically 

circuil can Ihorefore either reject or pass and further amplify indicated is the Quality (Q) factor of the inductor. The 

comptinenis of an analog signal, based on the frequency of quality factor Q of an inductor is defined as Q-Iis/Bl, 
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energy llial is stored m ilie reactive porlio 
wliilc El IS the enei^y that is lost in ih 
11 he coniponeiii. The hi^cr the nuaUtv o 
ic ciDsiir ihe resistive value of inc conipci 
'.cm while the 0 factor of the c 
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Kiige thai needs to be adcire; 
a semi-iiwylaiing material at 
le eleetromagnelic losses thai ai 
le OaAs substrate, (hereby 
iciucior created oi 
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therefore offer 
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fu 01 cost advantage. 
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form pari ol an integrated circuit, the Q value i.s 
tlie range between aboul ^ and 10. 

In creating an inductor on a monolithic substra 
adchfioiial scmicoiiouctor devices are created, \ 
capacifaiicefs tnai occur as part ol fhis creauc 
-oir Irequency that can i 
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nv applications, noi acceptable. Dojiei 
Irequencv a( which the hC circuit is designed i 
resonate, .sidniucamlv larger values of quality factor, such ; 
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One of ihcsc approaches has Ix 

( > e) I 

methods of micni iiiachiiiins!.). 
C CSS lis. 

clo! I s 1 t u 1 

1 ) 1 



su a le ly ci g losses o Ic 

snbsiraic. Resistive sibstrate Icsses in me siiriace ol the 
underlying sulwslrate form ad n a it La o loser n ig 
the Q value of silicon inductors. Vuriher, iiiascd wells have 
been ])roposed underneath a .spiral concUicsor, this again 



componcnis ol the assembly, ihercby : 
additional parasmc capaciianoes and resisi 
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nelic energy; a 
lots, FurlhcrniQ 
Ihercfore provi 
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kiy current, hence no loss of elcclroniag- 
tlierelore provide much lliglicr Q iiiduc- 
ihey have lower parasitic capaalancc and 
higher Inxjuency operation cajiabilities. 



perlormance .-ire improved. 1 ne nieiiu aiiiiiecuoiis wmcn 
nn c h I t y 1 < 

comion ml f 1 I 

with the liirther nunialunzalion ol llie R;. ;in mcreasmglv 
n negative impact on circuit periorinanco. Itie parasitic 

capacitance and resi.siance of the meial interconnections 

increase, which degrades the chi]) performance significanlly. 

01 most concern in this rcs])eci is the voliasje drop along the 

nowcr and ground buses and inc RC. dclav of the critical 
? signal paths. Aiiempts to reouce mc icjisi since by using 

wider racial lines result m higher caisacuiince ol these wires. 
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.lied (typically 
esuiiini' in higli electro-magnciic losses in uie silicon 
;iibsirai6 which ui turn results in reducing me 0 value of the 
nducior. By increasinii the distance ueiween the inductor 
intl the semiconduclor .surface, the clcciromaanetic field in 
lie silicon substrate wili be reduced in reverse i)ro[wrtion to 



P 



us 6,5 . 

5 

Uie distance, ilic Q value of the iHclucior can be increased. By 
lliereibrc crealing llic induiaor overlying llie layer of passi- 
vation O'y « POf^l pa-s-siviilion proc-ess) and by, in addition, 
creating the indiicior on Ihe surfsce oJ' a lliick layer of 
dielectric (.such as a polymer) llial is dcpo.siled or adhered 
over (lie surface of a layer of pa.ssivation, the Q vahio of the 
inductor can be increased. In addition, by using wide and 
thick metal for the creation of the induclor, the parasitic 
resistance is reduced. The process of the invention applies 
these principles of post passivation indnclor creation while 
the iiidviclor is created on a thick layer of diclccirie, using 
thick and wide melals. 

U.S. Pat. No. .'5,212,403 (Nakanishi) shows a method of 
forming wiring connections bofh inside and outside (in a 
wiring substrate over ihe chip) for a logic circuit depending 
on the length of the wire connections. 

U.S. Pal. No, .';,501,006 (Gehman, .Tr el al.) shows a 
sirucuire wilh an insulating layer between the inlegralcd 
circuit (iC) and the wiring subslraie. A distribution lead 
cotHiecIs the bonding pads of the IC to the bonding pads of 
the substrate. 

U.S. Pat. No. .5,0.55.907(Jacobs) cK.scloses <m extended 
integration semiconductor structure that allows manufactur- 
ers to integrate circuitry beyond the cliip lioundarics by 
forming a thin film multi-layer wiring decal on the support 
substrate and over the chip. However, this reference dilfers 
from the invention. 

U.S. Pat. No. 5,106.461 (\blfson et al.) leach&s a multt 
layer interconnect structure of alternating polyimidc 
(dielectric) and metal layers over an IC in a TAB structure, 

U.S, Pat. No. .'j,63.5,767 (Wenzcl et al.) leaches a method 
for reducing RC dela)- by a PBGA that separates multiple 
metal layers. 

U.S. Pat. No. .5,686,764 (Fulcher) shows a flip chip 
substrate that reduces RC delay by separating the power and 
I/O traces. 

U.S, Pal. No. 6,008,102 (AUord et al.) shows a helix 
inductor using (wo metal layers connected 1>y vias. 

U.S. Pal. No. .5,S72,907 (Sundaram et al.) di.sclo.scs a 
helix inductor. 

U.S. Pal. No. .5'576,680 (Ung) and U.S. Pal. No. 5,884, 
990 (Burgharl/, et al.) show other helix' inductor designs, 

SUMMARY OP TIfC INVENTION 

II is the primary objective of the invention to improve the 
RF performance of High Performance Inlcgratcd Circuits. 

Another objective of the invention is to provide a method 
[or the creation of a high-Q inductor. 

Another objective of the invention is to replace the GaAs 
chip wilh a silicon chip as a ba.sc on which a high-0 inductor 
is created. 

Yet another objective of the invention is to extend the 
frequency range of the inductor lliat is creatc<i on the surface 
of a silicon substrate. 

It is yet another objective of the invention to create high 
quality i)assivc electrical components overlying the surface 
of a silicon substrate. 

Tlie above relcrcnced continuation-in-part application 
adds, in a post passivation jjroccssing .sequence, a thick layer 
of dielectric over a layer of passivation and layers of wide 
and thick metal lines on lop of the thick layer of tlielcctric. 
The present invention extends the above referenced 
continuation-in-part application by in addition creating high 
quality electrical components, such as an inductor, a capaci- 
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lor or a resistor, on a layer of passivation or on the surface 
of a thick layer of dielectric. In addition, the process of the 
invention provides a method for mounting discrete passive 
electrical components at a signilicant distance removed from 
.s the underlying silicon surface. 

BRIEF DBSCRIPTION OF THE DRAWINGS 
FIG. 1 shows a crass section of Die interconnection 
.scheme of the referenced continualion-in-])ari application 

JO invention. 

FIG. 2 shows a crass section of an extension of the 
referenced continuation-in-part applicaiioti whereby an 
inductor has been created on the .surface of a (hick layer of 
polyimidc, 

FIG. 3 shows a top view of an in<hictor that is created 
following the process of the invention. 

FIG. 4 shows a cross section of a substrate and overlying 
layers, an inductor has been created on the surface of a thick 
layer of polyimidc, a layer of ferromagrictic material has 
^° been added to further insulate the inductor from the under- 
lying silicon sub.slrate. 

FIG. 5n shows a cross section of a .simplilied vcreion of 
the .substrate and the layers that are created on the surface of 
the substrate using the processes of the referenced 
conl!!iuation-in-pari ap])licalion. 

FIG. 5b shows the cros.s section of FIG. 5f/, an inductor 
has been added above the layer of passivatioi^, 

FIG. 6a shows a cross .section of a substrate on the .surface 
30 of which ha.s been deposited a layer of passivation, a 
capacitor has been crealed on the surface of the layer of 
passivation. 

FIG. 6h shows a three dimensional view of an inductor 
thai has been created on the .surface of a layer of passivation 
TyS by creating vias in a thick layer of polymer. 

FIG. 6c shows a three-dimensional view of an inductor 
that has been created in a thick layer of polymer that has 
been deposited on the surface of a thick layer of polyimidc. 

FIG. 6(1 shows a top view of ihc layer 20 on the .surface 
of which an inductor has been created. 

FIG, 6e shows a croiss section of ihe slruclurc of FIG, 6d 
taken along ihe line 6e-6e' of FIG. 6d. 

FIG. 6/ shows a three dimensional view of an inductor 
that has been created on the surface of a layer of passivation, 
the Phi inductor has the shape of a solenoid. 

FIG. 6g shows a top view of the inductoi' of FlC}. 6f. 

FIG. 7 shows a cross .section of a substrate on the surface 
of which has been deposited a layer of passivation over 
which a thick layer of polyimidc has been deposited, a 
capacitor has been created on the surface of the thick layer 
of polyimidc. 

FIG. 8 shows a cross section of a substrate on the surface 
of which has been deposited a layer of passivation, a resistor 
5, has been created on the .surface of the layer of passivation, 
FIG. 9 shows a cmss section of a sub-sirate on the surface 
of which has been deposited a layer of passivation over 
which a thick layer of iwlyimide has been deposited, a 
resistor has been crcatc<l on the surface of the ihick layer of 
(50 polyimidc. 

i-lG. 10 slK)V«i a cross section of a silicon .substrate on the 
surface oi: which a discrete electrical component has l5cen 
mounted, contact balls are used whereby the di.stancc 
between the substrate and the electrical coinponent is of a 
65 significant value, a thick layer of polyiniide has Ijccn u.sed. 

FIG. 11 shows a cro.ss section of a silicon substrate on the 
.surface of which a discrete electrical comptment hius Ijcen 
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niou[ilec1, thick contact balls are used whereby (he distJiDco 
between the substrate and.tlje electrical coiiipoiieiit is ol: a 
significant value, ii{> layer of polyimidc has Ixien used. 



'iliu relercncctl co[iliiiuali<i!i-)n-part appliciilion leaches 
an Integrated C'ircuil structure where re-dislribution and 
interconnect metal layers are created in layers nl' dielectric 
on the siirfiice of a conventional IC. A layer of passivation • 
is cieposiletS over She dielectric of the re-distrib\i(ion and 
interconnection metal layers, a thick layer of polymer is 
deposited over the surface of the layer of passivation. Under 
the present invention, a liigh-quaiily electrical component in 
created on the surface of the thick layer of ])olymcr. 

The invention addresses, among other.s, the creation of an 
inductor whereby She emphasis is on creating an inductor of 
high Q value on the surface of a semiconductor s\ibstrale 
using methods and procedures that are well knovsfn in the art , 
for the creation of .seniiconductor devices, llic high quality 
of the inductor of the invention allows for the use of this 
inductor in high frequency applications while incurring 
nnnimum loss of power. 'Ilic invention further addresses the 
creation of a capacitor and a resi.stor on the surface of a , 
silicon .substrate whereby the main objective (of the process 
of creating a capacitor and re-sistor) is to reduce parasilies 
that are typically incurred by these eomponenis in the 
underlying silicon substrate. 

Referring now more specifically to FIG. 1, there is shown , 
a crass section of one implementation of the referenced 
application, 'lite surface of silicon substrate 10 has been 
provided with tratisistors and other devices (not shown in 
FIG. 1). 'i'ha surface of substrate 10 is aivered by a dielectric 
layer 12, layer 12 of dielectric is therefore deposited over the , 
devices that have been provided in the surface of the 
substrate and over the substrate 10. Conductive interconnect 
lines 11 arc jjrovidcd inside layer 12 that connect to the 
scmicontluctor devices that have been priwided in the sur- 
face of sisbslratc 10, , 

I.aycrs 14 (two c>.'amj)les arc shown) rej^rcseDl all of the 
metal layers and dielectric layers that arc typically created 
on top of the dielectric layer 12, layers 14 thai arc shown in 
FIG, 1 may therefore contain multiple layers of dielectric or 
insulation and (he like, conductive interconnect lines 13 , 
make up the network of electrical connections that arc 
created Shroughotit layers 14, Overlying and on the surface 
of layers 14 are points 16 of electrical contact. These points 
16 of electrical contact can for instance be bond pads that 
es^iiblish the electricai interconnects to the transistors and ; 
other devices that have been provided in the surface of the 
substrate 10, These points of contact 16 are points of 
interconnect within the IC arrangement that need to be 
further connected to surrounding circuitry, A passivation 
layer 18, fortiied of for example silicon nitride, is deposited ; 
over the surface of layers 14 to protect underlying layers 

llie key steps of the above referenced application begin 
with the dc])osition of a thick layer 20 of polyimitlc that is 
deposited over the surface of layer 18, Access mu,st be t 
provided to points of electrical contact 16, for this reason a 
pattern of openings 22, 36 and 38 is etched through the 
polyimide layer 20 and the passivation layer 18, the pattern 
o. openings 22, 36 and 38 aligns with the pattern of electrical 
contact point,'} Ifi, Contact points 16 are, by means of the c 
openings 22/36/38 that are created in Ihe layer 20 of 
polyimitle, eScclrically extended to the surface of layer 20, 



I'he above referenced material that is used for the depo- 
sition of layer 20 is polyimide, the material that can be ii.scd 
for this layer is not limited to polyimide but can contain any 
of the known polymers, (SiC1^.0^,), The indicated polyimide 
i,s the preferred material to be u.sed for ihe processes of the 
invenlio!! for the thick layer 20 of polymer. Examples of 
j)olymers that can be used are silicons, carbons, fluoride, 
chlorides, oxygens, paryienc or iefion, polycarbonate (PC), 
]>olysterene (PS), polyoxide (PO), jroly polooxide (PPO), 
l>cn/.ocyclobuIenc (BCB). 

Electrical contact with the contact points 16 can now be 
e,stablished by filling the openings 22/36/38 with a conduc- 
tive material. The top surfaces 24 of lhe.se meta! conductors 
that are contained in openings 22/36/38 can now be used for 
connection of the IC to its environment, and for further 
integration into the surrounding electrical circuitry This 
latter statement is the same as saying that semiconductor 
devices that have been provided in the surface of substrate 
10 can, via the conductive inlerconnecls contained in open- 
ings 22/36/38, be further connected to surrounding compo- 
nents and circuitry, Ijitcrconnecl pads 26 and 28 are formed 
on top of surfaces 24 of the metal inteiconnects contained in 
openings 22, 36 and 38, These jjads 26 and 28 can be of any 
design in width an<l thickness to accommodate specific 
circuit design requirements. A pad can, for instance, be u.sed 
as a nip chiji pad. Olher pads can be used ftir power 
distribution or as a ground or signal bus. The following 
connections can, for instance, be made to the j)ads shown in 
FiC}. 1; pail 26 can serve as a fiij) chip pad, pad 28 can serve 
as a nip chip ))acl or can bo connected to electrical power or 
to electrical ground or to an electrical signal bus. There is no 
relatio!) between the size of the ])ads shown in FIG, 1 and the 
suggested possible electrical connections lor which this pad 
can be used. Pad size and she standard rules and restrictions 
of electrical circuit design determine the electrical connec- 
tions to which a giver pad lends itself. 

The following comments relate to the size and Ihe mimber 
of thecontact points 16, FIG. 1. Becau,sc these contact points 
16 arc located on top of a ihin dielectric (layers 14, FIG, 1) 
the ])ad size cannot be too large since a large pad si'/.e brings 
with it a large capacitance. In addition, a huge jiad size will 
interfere with the i(!ii1n>g capabilily of Ihal layur of nitial, II 
is therefore preferred to kccj) the size of the pad 16 relatively 
small. The size of pad 16 is however also directly relatetl 
with the aspect ratio of vias 22/36/38, An aspect ratio of 
about 5 is acceptable for Ihe consideration of via etching and 
via fiUijlg, Ba,'>cd on these considerations, the size of the 
contact pad 16 can be in the order of OS /im to 3C1 /im, the 
exact size being dependent on the thickness of layers 18 and 
20, 

The referenced application does not imjiosc a limitation 
on the number of contact pads Ihal can be included in the 
design, this number is dependent on package design require- 
ments. I.^yer 18 in FIG. 1 can lie a typical IC passivation 

layer, 

The iiiost frequently used passivation layer in Ihe present 
slate of the art is plasma enhanced C'VD (PE<'VD) oxide and 
nitride. In creating layer 18 of passtvalion, a layer of 
approximately 0.2, im PECVD oxide can be depo,siled first 
followed by a layer of approximately 0,7 fim nitride. Pas- 
sivation layer 18 is very important because it protects the 
device wafer from moisture and foreign ion contamination. 
The po.silioning of this layer between the sub-micron pro- 
cess (of the integrated circuit) and the tens-micron process 
(of the interconnecting metalizalion structure) is of critical 
importance since it allows for a cheaper process-that possi- 
bly has less stringent clean room requirements for the 
pcoecss of creating the interconnecting molalization slmc- 
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I ,ayer 20 is a thick i)olyiner dieleclric layer (for example 
poiyimido) iliat liave a thickness in excess of 2 fim (after 
curing). 'I'lie range of the polymer lliickiiess can vary from 
2 /im to 150 f/m, dependent on electrical design require- 

For the deposition of layer 20 the Hilachi-Diiponl poly- 
imnide IID 2732 or 2734 can, for cxamijle, be used. The 
polyimide can be spin-on cosled and cured. After spin-on 
coaling, the polyimide will be cured al 400 degrees C. for 
aboul 1 liour in a vacuum or nitrogen ambicni. For a thicker 
layer of jjolyimido, Ihc polyimide film can be multiple 
coated and csired. 

Another material that can be used to create layer 20 is the 
polymer benzocyclobutetic (13C13), 'lliis polymer is al this 
time commercially produced by for instance IDow Clienlicai 
and has recently gained acceptance to be used instead of 
typical polyimide application. 

'ITic flimensions of opening,? 22, 36 and 38 have previ- 
ously been discussed. The dimension of the openings 
together with the dielectric thickness determine the asjjcct 
ratio of the opening. The aspect ratio challenges the via etch 
process and the mefal filling capability. This leads to a 
diameter for openings 22/36/38 in the range of approxi- 
mately 0.5 fim to 30 ^im, the height for openings 22/36/38 
can be in tiie range, of apinoximately 2,Hin to 150 ^(in. The 
aspect ratio of openings 22/36/38 is designed sucii that 
lining of the via with metal can be accomplished. The via 
can be filled with CVD metal such as CVD tungsten or CVD 
copper, with eleciro-less nickel, with a damascoiio metal 
filling process, with electroplating copper, etc. 

'lire referenced ai)plication can be liirthcr extended by 
ajjplying multi])lc layers of jjolymer (such as i)olyiniidc) and 
can therefore be adapted to a larger variety of applications. 
The function of the structure that has been described in FIG. 
1 can be i'urlher extended by (iepositing a .second layer of 
polyimide on !o]) of the previously tlepcsited layer 20 and 
overlaying the pads 26 and 28. Selective etching and metal 
deposition can further create additional conlaci points on the 
surface of Ihc second layer of polyimide that can be inler- 
connccted with pads 26 and 28. Additional layers of poly- 
imide and the thereon created contact pads can be custom- 
ized to a particular application, the indicated extension of 
nndti])lc layers of polyimicics greatly enhances the flexibility 
and usefulness of the referenced continuation-in-part appli- 

VIG. 1 shows a basic design advantage of the referenced 
conlinua(ion-in-part application. This advantage allovv^ for 
sub-roicron or fine-lines, that nmi, in ihe immediate vicinity 
of the metal layers 14 and the contact points lo, to be 
extended in an upward direction 30 through metal intercon- 
nect 36, This extension continues in the direction 32 in the 
horizontal plane of the metal interconnect 28 arid comes 
back down in l!ie downward direction 34 through meial 
inlerconnect 38. The functions mi constructs of ihe pa.ssi- 
vation layer 18 and the insuialing layer 20 remain as 
])rcviously highlighted. This ba.'jic design advantage of Ihe 
invention is to "elevate" or "fan-out" the fine-line intercon- 
nects and 10 remove these interconnects from the micro and 
sub-micro level to a metal interconnect level that has con- 
siderably larger dimensions and that therefore has smaller 
resistance and capacitance and is easier and more cost 
effective 10 manufacture. This aspect of the referenced 
application does not include any aspect of conducting line 
re-distribution and therefore has an inhei-ent quality of 
simplicity. It therefore fuilhcr adds to the importance of the 
reference<l applicalion in that it makes micro and sub-micro 
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wiring accessible at a wide and thick metal level. The 
interconnections 20, 36 and 38 interconnect the fine-level 
metal by going up through the passivation and polymer or 
polyimide dielectric layers, continuing over a distance on 

5 Ihe wide and thick metal level and continuing by descending 
from the wide and thick metal level back down to the 
fine-metal level by again passing down through Ihe passi- 
vation and polymer or polyimide dielectric layers. The 
extensions that are in this manner accomplished need not be 
limited 10 extending fine-metal interconnect points 1 6 of any 
jiarticular type, such as sigiial or ))owcr or ground, with wide 
and thick metal line 26 aixl 28. The laws of physics and 
electronics will impose limitations, if any, as to what type of 
interconnect can by established in this manner, limiting 
factors will be the ainvcntional electrical limiting factors of 

IS resistance, jjropagalion delay, RC constants and others. 
Where the relerenced application is of importance is that the 
referenceti continuation-in-part application provides much 
broatler latitude in being able lo apply these laws and, in so 
doing, provides a considerably extended scope of the appli- 

20 cation and use of Integrated Ciraiits and the adaptation of 
Ihese circuits to a wide and thick metal environment. 

I'lG. 2 shows how llic basic interconnect aspect of the 
referenced continuation-in-part application can further be 
extended under the ijrcscnt invention so no! only elevate the 

25 fine-metal to Ihe plane of the wide and tiiick metal but to al.so 
add an inductor on the surface of Ihe thick layer 20 of 
polyimide. 'Ilie inductor is created in a plane that is parallel 
with the surface of the substrate 10 whereby this plane 
however is separated from the surface of the .substrate 10 by 

3U the combinctl heights of layers 12, 14, 18, and 20. FIG. 2 
shows a cross section 40 of the inductor taken in a plane that 
is j)Cfpendicular to the surface of substrate 10. llie wide and 
thick metal will also contribute to a reduction of the resistive 
energy losses. Furthermore, Ihc low resistivity metal, such as 

35 gold, silver and copper, can bo applied using clcctropiaiing, 
the thickness can be about 20 /<m. 

I'lG. 3 shows a loj) view 42 of the spiral structure of the 
inductor 4(t that has been created on the surface of layer 20 
of dielectric. 'nie cross section that is shown in Fi(^. 2'of the 
induclor 40 has been taken along Ihc line 2-2' at FIG. 3. The 
method u.sed for the creation of llie iuducKir 40 uses con- 
ventional mcthotis of metal, such as gold, coj)per and the 
like, deposition by electroplating or metal sputter processes. 
FIG. 4 shows a lop view of inducttir 40 whereby Ihe 

45 inductor has been further isolated from Ihe surface of the 
.substrate 10 by the addition t>f layer 44 of lerromagneiic 
material. Opening.^ are creaied in layer 44 of leritimagneiic 
material for the conductors 36 atxl 38, the layer 44 is 
deposited using conventional methods to a thickness that can 

.-io be experimentally delennined and that is influenced by and 
partially dependent on the types of materials use<l and the 
thickness of the layers that are used overlying the ferromag- 
netic material (such as layer 20) for the creation oi' the 
structure that is shown in crass section in FIG. 4. The surface 

55 area of the ferromagnetic layer 44 typically extends over the 
.surf-ace of layer 18 such that Ihe inductor 40 aligns with and 
overlays the layer 44, the surface area of layer 44 can be 
extended slightly beyond these boundaries to further 
improve shielding the suifacc of substrate 10 from the 

60 electromagnetic field of inductor 40. 

f.ayer 44 is not limitc<l to being a layer of ferromagnetic 
material but can also be a layer of a good conductor such as 
but not limited to gold, cojijicr and aluminum. The overlying 
induclor 40 that is created on the surface of layer 20 of 

as polyimide can be isolated from the underlying silicon sub- 
strate 10 by a layer 44 tliat comprises cither Ecrroniagnctic 
or a good conductor. 
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HG. 5« sliows, for reasosis of clarity, a simplified crass 
seciion of ihe substrate and the layers that are created on the 
surface of the substrate under the processes of the invention, 
the highlighted areas that are shown have previously been 
identified as: 

10, the silicon substrate 

12, a layer of dielectric that has been deposited over llic 

stirfacc of the substrate 
14, an interconueci layer that contains interconnect iines, 

vias and contact points 
16, contact points on the surface of the interconnect layer 

14 

18, a layer of passivation into which oj)enings have been 
created through which the contact points 16 can be 
acccssetl 

20, a thick layer of iKilymej; and 

21, eonduclive jjlugs that have been provided through the 
layer 30 of poly amide. 

Tlie thick layer 20 of polymer can be coated in liquid form 
on the surface of the layer 18 ci ]);iSKivalion or can be 
laminated over the surface of layer 18 of passivation by dry 
film application. Vias that are required for the creation of 
conductive plugs 21 can be ilelined by conventional ))ro- 
ccsses of photolithography or can be created using la.scr 
(drill) technology. 

It is clear from jjrcvious discussions that the sequence of 
hycrs that is shown in cross section in PIG. 5a has been 
created so that additional electrical oomponents such as an 
inductor, a cajjacitor and the like can be created on tlie 
surface of layer 20 of polyiniidc and in electrical contact 
with conductive plugs 21. Uyer 12 of dielectric may, in the 
cross section that is shown in l'"!G. Sa, be part of layer 14 
since layer 14 is a layer of Intra Ij3vel Dielectric (ILO) 
within which layer 12 can be rcaddy uitcgrated. 

With respect to ihe cro.ss -section that is sliown m MG. Si), 
tlie same liivcrs thai have been identified for MG. 5rt arc 
aeain provided in this cross section. Additionally has been 
shown the upper layer 17 ol the .silicon sub.stratc 10 that 
contains active .senncondiictor devices. Also shown is the 
cro.ss section of an inductor 19 that has been created on the 
surface ot lavcr 18 ol pas-sivaliou. Ii anist aaain be cmpha- 
si/,cd that the ohmic rcsislivitv ol the metal that is used lor 
inductor 19 must be as low as possible. 1-or this reason, the 
use ot a thick layer ot lor instance gold is preferred for llie 
formation of inductor 19. It has been .shown that a thick layer 
ol gold increased the Q value ol: inductor 19 Irom about 5 to 
about 20 lor 2.4 CiH/. apphcahon.s, which represents a 
sigmlicant improvement m Ihe 0 value ol inductor 19. 

HG. 6n .shows a cross section ot a capacitor that has been 
created on tne surface of a substrate 10. A layer 14 or 
condnclivc interconnect lines and contact points has been 
created on She surface of substrate 10. A layer 18 ol 
pa,ssivalion has Been deposited over the stirfacc of layer 14, 
openings have been created m layer 18 of passivatioti 
through which the surface of contact pads 16 can be 
accessed, 

A ctii)acitor contains, a.s is well known, a lower plate, an 
vppcr plate and a layer ot dielectric that separates the upper 
plate tiom Ihe lower ])late. llicse components ot a capacitor 
can be readily identified Irom the crojjs section that is sliowii 
in l-IG. ba, as follows: 

42 IS a conductive layer liial lornis the lower plate of the 
capacitor 

44 IS a conductive layer that lomis the upper plate of the 
capacitor 

46 is the dielectric layer that .separates tlie upper plate 44 
of ihe capacitor from the kiwcr plate 42. 
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It must be noted from the cross section that is shown in 
FIG. 6a that the capacitor has been created on the surface of 
layer 18 of passivatkin, the process of creating the capacitor 
is theretbre referred to as a po.st-passivation processing 
s sequence. Processing conditions and materials that can be 
used for the creation of the rcsijeciive layers 42, 44 and 46 
have already been highlighted and need therefore not be 
further detailed at this time. 

The main points of interest are the various thicknesses to 
J which the three layers 42, 44 and 46 can be dej)o.siled, as 
follows: 

layer 18 of passivation between about 0,i ,um and 0.3 /an 
layer 42 of conductive material between about 0.5 and 20 

' layer 44 of diclceuic between about .500 and 10,000 
Augsfroin, and 
layer 46 of eonduclive material between about O.S and 20 

] The post-passivation created capacitor that is shown in 
cross section in l-IG. 6a has: 

reduced parasitic capacitance between the caijacilor and 

the underlying silicon substraic 
allowed for the useof a thick layerof conductive material, 
5 reducing the resistance of tlie capacitor; this is particu- 
larly imixiriani for wireless applications 
aUoweil for the use of high-dielectric rnalcrial such as 
TiOj, TajO, for the diclcdric between the upper and 
ihe lower plate of the capacitor, resulting in a higher 
^ capacitive value of the capacitor. 

FIG. 6b shows a three-dimensional view of the .solenoid 
.stmclure of an inductor 19 that has been created on the 
-surface of the layer 18 of passivation. Further highlighted in 
^ FIG. 66 are: 

23, vias that are created in the thick laver ol polymer 20, 
I'lfi. Sii, lor the interconnects ol the upper and the 
lower levels of inetal of the inductor 
25. the bolfom metal ol the inductor 
1 27. the lop meuil lor the mduclor. 

MG. 6c shows a three dimensional view of an inductor 
thai has been created on Ihe .surface ot a layer 18 ot' 
pa.ssivalion by llrst depositing a thick layer 29 ot polymer 
over which a laver {not shown) of ))olymcr is dc]X)S!tcd, vias 
23 are created m the tliick layer 20 (flG. 5ri^ ot polymer. In 
adtuiion to the previously highlighted layers, I'IG. 6c shows 
a Javer 29 of polymiidc. llic inductor 19 is cixjatcd by 
creating Ihe bottom metal 25 of Ific induclor 19, the top 
niela! 27 of the inductor and the vias 23 thai aic created in 
-1 laver 20 (HG. 5a) that preferably contains a jjon'mer. 
MG. 6d .shows a lop view of layer 20 on the surlace of 
which an inductor has been created as previously shown in 
FKi. 6c- Vias 23 aie highlighted as are lop metal lines 27 of 
(he mducioi 19. boiiom metal lines 25 of tile inductor 19 
.s (hatched since ilicy are not visible on the .surface ol the layer 
20). Furllier deiaikd are vias 23' and 23", the lower exlrein- 
ity of via 23' and the upper oxtremiiy ot via 23" arc 
connected lo interconnect lines 31 and 33 (FIG. 6e) 
respectively, theses interconnect linos 31 and 33 provide the 
:5 connection for lurthcr interconnect ot the inductor 19. 
MG. 6e shows a cross seciion of the structure of FK). 6d 
whereby this cross .section is taken along the line te-be iliat 
is shown in FIG. 6d. Contact j^ads 16' have been provuied on 
the .surface of layer 18 of passivation, these contact pads 16' 
! make contact with the vias 23, 23' and 23 for interconnec- 
tion Iwtwcen the bottom metal 25 of inductor 19 and the 
upper mela! 27 of the inductor 19. interconnects !o vias 23' 
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and 23" are tlic lines 31 and 33 which, as previously sialcd, 
conned llic inductor 19 10 surrounding elcclrical circuitry or 
c«mi«mei)ls. 

'Hie creation oi: ii toroidai inductor overlying a layer of 
]iassivation has been shown in PIGS. 6/ and 6g where 5 
toroidal coil 19' is created on the surface of a layer 18 of 
passivation. Top level metal 27', bollom level metal 25' and 
vias 23' that interconnect bottom Icvei metal 25' with top 
level metal 27 have been highlighted in FIG. 6f. 

I'lG. 6g shows, for further clarifrca'.ioii, a top view of the JO 
toroidal 19' of FIG. 6f. The highlighted features of this tigurc 
have previously been explained and liierolbrc <lo not need to 
be further discussc{l at this time. 

t'lCj. 7 shows a cross section where, as in FIG. 6a, a 
capacitor is created on ihe surface of substrate 10. In the 15 
cross section that is sliown in FIG. 7 however a thick layer 
20 of polyimide has been dc])osiled over the surface of the 
passivation layer 18 and has been patterned and etched in 
order to make the contact pads 16 accessible though the 
thick layer 20 of poly. The thick layer 20 of polymer 20 
removes inost of the capacitor, that is the lower plate 42, llic 
upper plate 44 and the dielectric 46, from the surface of 
.substrate 10 by a distance that is equal to the thickness of 
layer 20. It has previously been state thai the range of 
polyiiuide thickness can vary from 2 /<ni to 150 win and is 25 
dependent on electrical design requirciiioiiis. ■fhisstatenieni 
is also valid for the cross section shown in blCi. 7, the 
layers-of the ca])aciH)r can therefore be removed from the 
surface of substrate 10 by a distance of 2/jm to 1.50 «m. It 
is clear that this leads to a significant increase in distance 3U 
between the capacitor and ihc underlying silicon subslralc, 
the parasitic capacitance will therefore be significantly 
reduced. 

FIG. 8 shows a cross section of 8 subsirsle 10 on the 
surface of which has been diiposilecl a layer 18 of 35 
l)assivation, a resistor 48 has been oreatcd on the surface t)f 
the layer IS of passivation. A rcsi.sto;', as i.s well kmwn, is 
created by connecting two poinK with a material that olfers 
electrical resistance to the passage of current through the 
material. The two ijoints Iha! are jiarl of the resi.slancc 48 thai 40 
is shown in cross section in FICJ, 8 are the contact pads 16 
that have been created in or on the surface of the intercon- 
nccl layer 14. By creating layer 48 between the two contact 
pads, that interconnects the two contact pads and that is 
dcpositctl on the surface of passivation layer 18, a resistor 4S 
has been created in accordance with the processes of the 
invention. For the creation of layer 48 a high resistivity 
niateria! can be used such as TaN, silicon nitride, phospho- 
silicatc glass (PSG), silicon oxy nit ride, aluminum, alumi- 
num oxide (Al,.Oy), tantalum, nionbiuni, or molybdenum. It .50 
is clear that dimensions such as thickness, length and width 
of deposition of layer 48 of high resistivity material are 
application dependent and can therefore not be specified at 
this lime in any detail. The resistor thai is shown in cross 
.section in MG. 8 is, as are the capacitors of FIGS. 6ii and 7, 55 
created in a post-passivation process on the surface of layer 
18 of pa.ssivation. 

FKi. 9 shows a cross section of a substrate tO, an 
interconnect layer 14 has been created on the surface of ihc 
sub.strate. A layer 18 of passivation has been deposited over 60 
the layer 14 of interconnect metal, a thick layer 20 of 
polyimidc has been dc))osiied over the surface of the pas- 
sivation layer 18. A resistor 48 has been created on the 
surface of the layer 20 of polyimide. The resistor 48 is 
created connecting the two contact pads 16 with a thin high 65 
resistivity layer of racial. By increasing the distance between 
the body of the resistor and the surface ofsulxstratu (by the 
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thickness of llic poly layer 20) the parasitic capacitance 
between the body of the resistor and the substrate is reduced 
lesulling in an improved resistive comijoneni (reduced para- 
sitic capacitive loss, improved high frequency performance). 

Further applications of the jjosi-passivation processing of 
Ihc iiivcntion are shown in FIGS. 10 and 11, which concen- 
trate on making ball contact points between contact pads 16 
and an overlying electric component, such as a discrete 
inductor. Proceeding from the surface of .substrate 10 in an 
upward direction, most of the layers that are shown in FIG. 
10 have previously been identified and aic identified in MG. 
10 using the same numerals as have previously been used for 
those layers. Where FIG. 10 shows pniviotisly not identified 

50, contact plugs that have been formed through the thick 

layer 20 of polymer 
52, contact balls that, have been formed on llie surface of 
the ajnlact plugs 50 using conventional methods of 
selective solder deposition (plating or bail mounting on 
the surface of plugs SO), the application of a flux on the 
deposited solder and flowing the solder to form the 
contact bails 52, and 
54, a cross .section of a discrete electrical cx)mponenl such 

as an inductor or a discrete capacitor or a resistor. 
FIG, 11 .shows a cross section of a silicon .sub.strate 10 on 
the surl'ace of which a discrete electrical component 54 has 
been mounted, contact balls 56 are used whereby the dis- 
tance between the substrate 10 and Ihe eleclrical component 
54 is of a significant value. Conlact balls arc inserted into the 
openings that have been created in the layer 18 of passiva- 
tion overlying the conlact pads 16, the (relatively large) 
contact balls 56 create a signiflcant sepanilion between the 
surface of .substrate 10 and the-discretc electrical comi)onenl 
54. 

The methods that have been shown in FIGS. 10 and 11 
indicate that: 

the passive component 54 is removed from the surface of 

.substrate 10 by a significant distance, and 
instead of mounting Ihc-passive, discrete comptineni 54 
on the .surface of a Printed Circuit Board (PCB), the 
passive component 54 can be mounted closer !o a 
.semiconductor device in the present invention. 
Throughout the methods and procedures that have been 
explained above using the examples tiiat are shown in cross 
section in the accompanying drawings, the following has 
been adhered to: 

the passive components have been further removed from 
the silicon substrate, thereby reducing the negative 
impact that is induced by the substrate due lo electro- 
magnetic losses incurred in the substrate 
llic post-pa.ssivalion process of the invention allows for 
ihc .selection of discrete component design param- 
eters that result in reduced resistance of the discrete 
capacitor and the discrete inductor, this is further 
clear from the following compari-son between prior 
art processes and the pri>ce.sses of the invention. 
Prior art reipiires for the creation of an inductor: 
the use of thin metal, which imposes the creation of 
wide coils for an inductor resulting in 
increased surface area that is required for the inductor 
which in turn increases tiie parasitic capacitance of ihe 
inductor causing eddy current losses in the surface of 
the sub.siratc. 
The present invention by conlra.st: 
can use thick metal, since the metal of the passive 
component is (by Ihc thick layei of polymer) removcti 
from the (lilin melal) interoonnccl layer 14, and (as a 
con.scquencc) 
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reduces ihe suilace area thai is required for the intliicltii, 

reduces llie resislivilv of: ihc induclor, ihereby incioiisiiij; 
the U Vtihic ot Ihc niduclor. 

Alt)Kniu,li Ihc preiciTcd cinbodimenl of ihe prtsciil iiivcji- s 
lion has been UHislraled. and lhal lorm has been dcscrined in 
detail. U will be iciniily understood by those ski)led m ii)e ml 
that vanoiis mociilicatioiis may be made (herein without 
departing from the spin! of (he invention or from ilie scope 
of the apjiended claiJiis. 

What us claimed is: 

1. AdiscreSe elcclncal componeiit above the surface of a 
semiconduclor subs5rale. comprising: 

a semiconductor substrate, in or on the surface of wluch 
sciiiicoiiduclor devices have been created, havma ^- 
points oi electrical conlaci providetl to said semi«.)i)- 
ductor devices in or on the active siirfaa; of said 
substrate: 

an overlavmu imerconiiccting mclaU/.alion structure coiii- 
prisuii> (inc or more layers o( mterainnects over the 
aclive suilacc ot saia substrale, said layeiw ol inlercon- 
iiecls comprising conduclive interconnect hnes or con- 
ductive consact prams or conduclive vias in one oi 
more layers, wuii points of electrical contact haviiift 
been provided m or on the surface of said overlaying -'' 
interconnecting mctaliy-aiion structure, al least one ol 
said points ol electrical contact making conlaci with al 
least one ol said conductive interconnect lines or said 
conductive consacl poitus or said conduclive vias pio- 
vidcd in said one or more layers ol said overlaying ■ 
inlerconneclinn mcializalion sUucmre, al leasl one ol 
saui metal lines or .said contact points or said conduc- 
tive vias niakine conlaci v/ilh al least one ol said points 
ot electrical contact provided lo said scmiainducsoi 
devices 111 or on the surface of said substrate; 

a passivation layer deposited over said overlaying mter- 
comiecling melali/alion structure; 

openings created in said sayer of passivation, at least two 
of said openings overlaying at least one pair of ixiints 
of electrical conlaci having been provided in the sur- 
face of said overlaying interconncclimi melali/.afion 
structure, providwe; at least one pair ol points ol 
electrical conlaci m said layer of passivation; 

an ]K)lymcr insulaimg, scparalins layer dcpo.sitcc! over ihe 
surlace ol said patterned and etched layer ol 
passivation, includina said opening.s created in said 
layer of passivation; 

a! leasi one pan ot openings crealeil in saui polymer 
msulatma;. separating layer that akgas with at lca.si one ,q 
pair of points of electrical contact provided m said layer 
of passivation; 

a layer of conduclive material selectively dejiosiled over 
the surface of al least one pair of points of cleclrical 
conlaci provided m said layer ol pussiviilioii, hlling 
said openings created in said polymer insulalini!;, sejia- 
raSing laver. creatinii conductive plugs through said 
polymer msulaling. separating layer, said conductive 
plugs overlaying al least one pair of points ot electrical 
conlaci provided in said layer ol passivation; (jq 

a Utyer ol .solder selectively created over Ihe surlace ol 
said conductive plugs; 

said discrete elcclnca! component positioned above and in 
alignment wilh said selectively created layer tif .soldei 
such thai electrical contact points of said discrete d.-. 
electrical comjionent align with said selectively created 
layer ol .solder; and 



said .selectively created layer ol solder lloweu, uealnig 
solder balls connecting said discrete electrical comjx)- 
nonl with said conductive plugs in said polymer 
insulating, separating layer, thereby connecting said 
discrete electrical com])aiienl with a pair ol points ot 
electrical contact in said layer ol passivation. 

2. 1 he discrete electrical com])oiicnl ot claim I wherein 
said ])assivalion layer com])rises a layer within the range ui 
apjiroximately 0.15 to 2,0 ,//m of: Plasma Enhanced C.:VD 
(PECVD) oxide over which a layer within the range oi 
ajiproximately 0.5 to 2.0 /«n PbCVD nitride is deposited. 

3. The discrete electrical com])oncnl of claim 1 wherein 
said polymer insulating, separating layer comprises polyini- 
Idc or the polymer benzocyclobutcne (IICB). 

4. 1 he discrete electrical compoiicni oi ctaim 1 wherein 
said polymer insulating, ,separatiiig layer is of a thickness 
after curing wuhin the range ot approximately 1.0 to ISO 



5. The disi 



e eleclricai component ol claim 1, wherein 

sulating. separating layer is spin-on coated 



6, Ihc di.scrcte elcclncal coniponenl of claim 1 Wherein 
said polymer in.sulaimg. .separating layer is subiecled to 
multiple processing steps of .spin on coaling and curing, 

7. 1 he discrete electrical com])ouenl of claim 1 wherein 
said dusciclc electrical component is selected trom a group 
coraimsing a resislor. a capacitor and an induclor, 

S. A disciele electrical component mounted above Ihe 
,siirlace oJ a scmicoiuliiclor substrate, comprisinii; 

a semiconductor substrate, in or on ihc surface of winch 
.senucoiiditctor devices have been created, having 
poinus ol electrical contact providetl to said semicon- 
tluclor devices in or on Ihe aciive surlace ol said 
,substrate: 

an overlaying interconnecting mctalization structure com- 
prising one or more layers ot iiiterconiiecls over the 
active surface of said substrate, .said lavers of intercon- 
nects comprising cotKluctive interconnect lines or con- 
duclive contact ])oints or conductive viss m one or 
more lavers, with jioints of electrical contact naving 
been provided in or on the .surface of said overlaying 
interconnect mg metali/.ation structure, al least one ol 
said points nl eiectrical conlaci makmn conlaci with iil 
leas! one o' said conductive interconnect lines or said 
conductive conlaci jjoints or said conductive vias pro- 
vided in said one or more layers ol said overlaying 
HUcrconnecling mctalization slructure. al least one ol 
said metal lines or said conlaci iioinls or said conduc- 
iive vias raakiiia contact with al least one ot said points 
ol electrical conlaci provided lo said semiconductor 
devices in or on the surlace ol .said substrate; 

a jjassivalion layer tieposilcd over said overlaying inter- 
connecting mclalizatioii strtioturc: 

o])cniiigs created m .said layer ot pa,ssiva!ioii, al least two 
of said opemng-s overlaying at leasi one jiair of iximls 
of electrical conttici having been provided m lire .sur- 
face ot said overlaying interconnecimg metalization 
structure, providing at least one jiair of jioints ot 
electrical contact in said layer ol passivation; 

a layer ol -solder selectively deposited over the surlace ol 
at least one pair of poinis ol electrical conlaci in .said 
layer ol passivation: 

said discrete eleclricai component i)osiliQneti above and 
aligned with siiid selectively dciiosited layer of solder 
such thai electrical aintact points oi said discrete 
electrical component align with said selectively dcpos- 
iletl laver ol solder; and 



31 



us 6,515,369 Bi 



17 



18 



said laver of sclcciiveiy deposited solder flowed, acaiing (PiiCVJJ) oxide over wind] a layer within the range of 

sokfei- balls coniiectiHg said discrete electrical compo- approximately 0,5 to 2,0 fm PECVD nitride deposited, 

iienl with al least one jiiiir oljjoints of electrical conlacl 10. "Itie di.screle electrical component of cluim 8 wherein 

in siiici layer ol' passivation. said discrete electrical component is .selected Ironi a group 
9. I'he discrete elcclrical component of claim 8 wherein .5 coni])rising a resistor, a capacitor and an inductor, 
said passivation layer compri.ses a layer within the range of 

approximately 0.15 to 2.0 /<ra of Plasma biihanceci CVD ***** 
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A method ior lortiiing a vja ihrouijli a dielectric layer within 
a microelectronics tabncation. llicre is lirst provided m 
substrate employed wiihin a microelectronics labricalion. 
Ihere is then lormcd upon the substrate a patterned first 
dielectric layer whicli defines a via atcessiiis; a contact 
rciiion tonncd wjthm Ihe substrate. 1 he patterned fir.sl 
dielectric lavcr is lormed ol a lirsl dielcclnc inaienal which 

plasma, i here is iheii jornieti ujion ifie pallerned first dielec- 
tric layer a blanket second dielectric layer wiiicii eomplctelv 
covers the patterned first dielectric layer and hlls the via. 1 he 
blanket second dielectric layer is iormcd of: a second dielec- 
tric material whicli is stwccplible to etching within the 
oxynen contaiiimg plasma. I here is ihen tonncd upon I lie 
blaiilvCl second dielectric lavcr a blanket narci mask layer 
which 1.S lornicd Irom a hard mask iiiatena! which i.s not 
susceptible to elching within ihc oxygen coniamirij; pla.sma. 
ihere is tiien lormcd llixin tne l:lanl<el hard mask hiyer a 
pallerned pholoresLst layer wnich leaves exjio.sed a jioruon 
of the blanket hard ma.sk Jayer ureaicr tnal an areal (hmen- 
sion of Ihc via and al least parUaJlv overlapping the arcal 
dimension ot the via. Ihcre is then etched while employing 
a first pla.sma elch method (he blanket hard mask layer to 
lorm a patterned hard mask layer deiuiiiig a hrsi trench 
lomied iluoiiiih the pattcrnctl har<i mask layer while em])loy- 
iiu> (he i>aiieined ])lioioresisl layer as a fir.si elch mask lavcr. 
I he hr.st jjlasma elch melhod employs a tirst etchaiil gas 
c(iiii)K)si iv I .ippiopiiile to the h ii I mis', m ilerial Irom 
wliich IS formetl Ihe blanket hard mask layer, I'lnally, Ihere 
IS then etched while employinii a second plasma etch 
method the blanket second dielectric layer lo torm a pat- 
terned second diclcclnc laver having an aperture lormcd 
therethrough. Ihe aperture com])riscs: (I) a second trench 
corresponding wilh Ihe first Irench; and (2) at least a porlion 
of the iirsl via. The second plajsina etch method em])lovs ihe 
oxygen containing plasma. 

13 Claims, 4 Drawing Sheets 
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DUAL DAMASCENE PAITERNED 
CONI)UC'Jt)R I^YEIt FOUMA'nON 
METHOD WITHOUT E1X;H STOP I^YER 

CROSS-REiq-RENCIi TO UELAI'ED 
APPLICAHON 

This applicalion is related lo a co-assigiicd and 
co-invented apiilicaiion Ser. No. 09/1 77,187 aitoriiey (iockel 
number TSMC 97-353, filed Oct, 23, 1998, and similarly 
tilled "Dual Damascene Patterned Condtictor Layer Forma- 
tion Method Without Etch Stop Layer," the teachings of 
which arc incorporatetl herein by reference. 

BACKGROUND OP THE INVENTION 

1. Field oC llic Invention 

'llie present invention relates generally lo meihods for 
forniiiig patteriied condurfor layers separated by pallerned 
dielectric layers within microelectronics fabrications. More 
particularly, the preserit invention relates to dual damascene 
methods for forming patterned conductor layers separated 
by patterned dielectric layers within microelectronics fabri- 
cations. 

2. IDescription of the Related Art 

Microelectronics fabricatioas are formed from microelec- 
tronics substrates over which are formed patterned micro- 
electronics conductor layers which are separates! by micro- 
electronics dielectric laycra. 

As micrwJectronics integration levels have increased and 
microelectronics device and patterned conductor layer 
dimensions have decreased, it lias become increasingly 
common wilhin the art of microelectronics fabrication to 
employ, interposed between the patterns of narrow linewidth 
dimension and/or narrow pitch dimension patterned 
microelectronics, condtictor layers within microelectronics 
fabrications microelectronics dielectric layers formed of low 
dielectric constant dielectric materials. Such patterned 
microelectronics conductor layers often access within the 
microelectronics fabricalion.s within which Ihey are forrncd 
patterned conductor contact .stud layers or patterned con- 
ductor intorconneclion stud layers. For the jiurposes of the 
present disclosure, low dielectric constant dielectric mate- 
rials are intended as dielectric materials liaving a dielectric 
constant of less than about 3.0. For comparison purposes, 
dieleclric layers formed employing ainventiona! silicon 
oxide dielectric materials, silicon nitride dielectric malerials 
or silicon oxynitride dielectric materials typically have 
dielectric constants in the range of from about 4.0 lo aboit 
7.0. 

Micnaclectronics dielectric layers formed of low dielec- 
tric constant tlielectric materials are desirable interposed 
between the jiattenis of narrow linewidth dimension and/br 
narrow pitch dimension patterned microelectronics conduc- 
tor layers within microelectronics fabrications since such 
<lielocftic layers formed from stich low dielectric constant 
dielectric materials provide dielectric laycr.s which assist in 
providing microelectronics fnbricaiions (jxhil)i;i[ii], uiij^anccd 
microelectronics fabrication speed, allcnuaicd priticrned 
microelectronics conductor layer parnsilic c;tpaci;;uicc, and 
attenuated patterned microclcctroriics conductor layer cross- 
talk. 

Ixiw dielectric constant dielectric nialcriais which may be 
employed for forming low dielectric constant microelectron- 
ics dielectric layers within raicroelectrojiics fabrications are 
typically materials with hydrogen and/or carbon conlciil, 
such as but not liniiletl to organic polymer spin-on-polymcr 
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dielectric materials (such as but not limited to polyitnide 
organic polymer s])in-on-polynier dielectric materials, poly- 
arylene-ether organic polymer spin-<ni-polymer dielectric 
materials, and thiorinated poly-aryiene-ether organic poly- 

.s nier .spin-on-]i()lynier dielectric malcnals), amorphous car- 
bon dielectric materials (such as but nol limited lo amor- 
phous carbon nnd iluorinated amorphous carbon), and 
silsesqiuoxanc s;);;i-on-glass (SOG) dielectric materials 
(.such as bu! r;Oi limited to hydrogen silsesquioxane spin- 

10 on-glass (SO(~i) dielectric materials, carbon bonded hydro- 
carbon silsesquioxane spin-on-glass (SOG) dielectric 
materials, and carbon bonded lluorocarbon silsesquioxane 
spin-on-glass (SOG) dielectric materials). 
While organic polymer spin-on-polymer dielectric 

J5 materials, amorphous carbon dielectric materials, and siis- 
estjuioxane spin-on-gliiss(SO(j) dielectric materials are thus 
desirable within tlie art of microelectronics fabrication for 
forming patterned low dielectric constant microelectronics 
dielectric layers inter|X)sed between the patterns of patterned 

20 conductor layers which access patterned conductor stud 
layers within microelectronics fabrications, such miaroelec- 
tronics fabrication structures arc often not formed entirely 
without problems. In particular, .such microelectronics fab- 
rication structures are typically formed employing an etch 

25 stop layer formed interposed between; (1) a jiatterned first 
dielectric layer through which is formed a patterned con- 
ductor slud layer; and (2) a patterned low dielectric con,stant 
dielectric layer which is formed adjoining the patterned 
conductor layer which contiicts the jjalterned conductor stud 
layer. The etch .stop layer typically asstircs optimal definition 
of the paltcrncti conductor layer within resjwcl to the pat- 
terned conductor stud layer. Unfortunately, the presence of 
such etch stop layers often provi<les additional microelec- 
tronics fabrication conijilexity within microelectronics fab- 

35 rications within which are formed iiatterncd conductor lay- 
ers which contact pattcrnetl conductor stud layers. 

It is thus towards the goal of fiirming microelectronics 
fabrication stnicturcs comprising ptitterned low dielectric 
constant dielectric layers separating ])titlemed conductor 

""^ layers which in turn contact patlemetl conductor stud layers, 
with allemiated microelectronics IVibrication complexity, 
that the present invention is directed. 

Variotis meihods have been disclosed in the art of micro- 
ciectronics fabrication for forming patterned microelectron- 
ics layers within microelectronics fabrications. 

F'or example, Korc/.ynski, in "I.ow-k dielectric integra- 
tion cost modelling," Solid Stale Technology, Oct. 1 997, pp. 
123-2S, discloses in general various methods and materials 

JO for forming patterned low dielectric constant dielectric lay- 
ers interposed between the palierns of pallcrnod conductor 
layers which in turn contact ])atterned conductor stud layers 
within miaoelecironics fabrications. Disclosed are standard 
patterned conductor layer formation and dielectric layer 

j5 isolation methods and dual damascene i)iittcrncd conductor 
layer formation and dielectric layer Isolation methods. 

In addition, Krishnan et al., in U.S. Pat. No. 5,380,546, 
discloses a maskiess method for forming a barrier layer 
.surrounded metal feature within a planar insulator layer 

(,0 within a microelectronics tabricalion. The barrier layer 
.surrounded metal fctiture so formed is fornied employing a 
pianarizing method rather lhan a masking method. 

Further, Ireland, in U.S. Pal. No. 5,466,639, discloses a 
dual damascene method for forming a patterned conductor 

05 layer contiguous with a patterned conductor stud layer 
within a semiconduclor integrated circuit inicroeieclroiiics 
fabrication. 'Ilie dual dama.scene method employs a pal- 
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icriied mask layer formed iiUerposccI belween a iowcr 
dielectric layer ihroiigh wbici) is formed llie patfenicd coii- 
diicSdr slud layer and an upper dielcelric layer llirougli wliich 
is formed ihe pallernod condiioor layer conligisoiis wiih Ihe 
pasierncd conductor stud layer, where the upper dielectric 
layer and the lower ciielecSric layer are patterned employing 
a single reactive ion etch method. 

Yet lurlher, liavemann, in U.S. i^at. No. 5,.S6.5,384, dis- 
closes a method Ibr forming within i\n integrated circui! 
microelectronics fabrication a self-aligned via through an 
inorganic dielectric layer lo access a patterned conductor 
layer formed below the inorganic dielectric layer, where the 
pailcrned conductor layer has interposed at least partially 
be!ween its paltcriis an organic containing dielectric layer. 
The paderned conductor layer and ihe organic dielectric 
layer are coniplelcly covered by Ihc inorganic dielectric 
layer. The method emijloys an anisofropic elchanl which is 
selective lo the inorganic dielectric layer with respect lo the 
orgattic tiielcctric layer, such that the organic dielectric layer 
serves as an etch slop layer when eiching the self-aligneti via 
through the inorganic dielectric layer, thus avoiding 
overetching of the organic dielectric layer. 

Still yet Itirihur, Huang el al., in U.S. Pat. No. 5,635,42^ 
also <lisclo.ses a dual damascene method for forming a 
patterned conductor layer contiguous with a paiierned con- 
ductor stud layer within a semiconductor integrated circuit 
microelectronics fabrication, The dual damascene method 
employs a blanket mask layer formed inierijosed between a 
lower dielectric layer through which is formed the patterned 
conductor stud layer and an upper dielectric layer through 
which is formed the patterned conductor layer contiguous 
with the patterned condtictor sttid layer, where the upjier 
dielectric layer antS the lower dielectric layer are sequen- 
tially patterned employing scjjaratc reactive ion etch (RIE) 
methocJs. 

Finally, Avanzino et al., in U.S. Pat. No. 5,686,354, 
discloses yet another dual damascene method for fomiing a 
patterned conductor layer contiguous with a patterned con- 
ductor slud layer within a microelectronics fabrication. The 
dual damascene method employs a single dielectric layer 
sequentially; (1) partially patterned employing a first etch 
method lo form a trench within the single dielectric layer; 
and (2) subsequently completely ))aHcrticd cmjiloying a 
second etch method and harsl mask layer exposing a portion 
of a lloor within the trench, to define with sharp sidewall 
edges d)e patterned conductor stud layer through the single 
dielectric layer. 

Desirable in the art of microelectronics fabrication are 
methods through which there may be formed within micro- 
electronics fabrications low dielectric constant dielectric 
laycr.s inlerpo,sed between the patterns of patterned conduc- 
tor layers which in turn contact patterned conductor stud 
layers, with allenuatcd process complexity. 

it is towards the ibregoing object that the present inven- 
tion is both generally and more speciftcally direclctl. 

SUMMARY OF Tim INVENTION 
A first object of the present invention is to provide a 
method i'or forming within a microelectronics fabricatioti a 
patterned low dielectric constant dielectric layer adjoining a 
patterned conductor layer which in turn contacts a patterned 
conductor stud layer. 

A second object of the present invention is to provide a 
method in accord with the first object of the present 
invention, where the method provides for attenuated process 
comjjicxity. 
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A third object of ihe prescjil invention is to ])rovidc a 
method in accord with the first object of the present inven- 
tion Of the second object of the present invention, where the 
microelectronics fabrication is a semiconductor integrated 

s circuit microelectronics l^ibrication. 

A fourth object of the present invention i& lo provide a 
method in accord with the first object of the present 
invention, the second object of the present invention or the 
third object of the present invention, which method is readily 

]0 commercially implemented. 

In accord with the objects of the pre.sent invention, there 
is provided hy the present invention a method for forming a 
via through a dielectric layer within a microelectronics 
fabrication. To practice the method of Ihe present invention, 

j5 there is first provided a substrate employed within a micro- 
electronics fabrication, where the substrate has a contact 
region Conned therein. There is then formed itpon the 
substrate a pattenretl first dielectric layer, where the pat- 
terned first dielectric layer defines a via accessing the 

20 contact region. The patternetl first (.lieieciric layer is fortnetl 
from a first dielectric material which is not susce])tible to 
etching within an oxygen containing plasma. 'I'here is then 
formed upon the patterneii first dielectric layer a blanket 
.second dielectric layer, where Ihe blanket .second dielectric 

25 layer completely covers llie patterned first dielectric layer 
anci iilLs the via. The blanket second dielectric layer is 
formed from a second dielectric material which is suscep- 
tible to etching within the oxygon containing plasma. There 
is then formed upon the blanket second dielectric layer a 

30 bla!)ket hard mask layer, where the blanket hard jnask layer 
is formed from a hard mask material which is not stisccpiible 
to ctchijig within the oxygen containing j)lasma. 'lliore is 
then formed upon the blanket hard niask layer a patterned 
photoresist layer, where the patterned photoresist layer 

35 leaves exposed a jiortion of the blanket hard mask layer 
greater that an arcal dimension of the via and at least 
partially overlapping the areal dimen-sion of the via. There is 
then etched while csiiploying a first plasma etch tnethod the 
blanket hard mask layer to form a patterned hard mask layer 

40 deiining a first trench formed through the patlernetl hard 
mask layer while employing the patterned jihotoresist layer 
as a fust etch mask layer. The first ])lasma etch method 
ejnploys a first ctchant gas composition apjiropriate to the 
hard mask material from which is fornred the blanket hard 

45 mask layer. Finally, tl s tl tcl 1 'vl Ic i loying a 
second plasma etch method the blanket second dielectric 
layer to fortn a patterned second dielectric layer defining an 
aperture Ibmied therethrough. The aperture comprises: (1) a 
second trench corres])onding with the first trench; and (2) at 

so least a portion of the fir,st via. 'ITie second plasma etch 
method employ.s the oxygen containing plasma. There may 
sub.scquently be formed within the aijerture a palternetl 
conductor layer within the second trench contiguous with a 
cotiductor stud layer within the via while employing a 

ss damascene method. 

The present Invention provides a inetliod for forming 
within a microelectronics labricatioi5 a patterned low dielec- 
tric constant dielectric layer adjo!i«!^g a patterned contluctor 
layer which in turn contacts a patterned conductor stud layer, 

CO where the method provides for attenuated process com])lex- 
ity. The method of the present invention realizes the fore- 
going objects by employing when forming the patterned low 
dielectric constant dielectric layer a low dielectric constant 
dielectric material which is ctchable within an oxygen 

ti5 containing pia,sma. The patterned low dielectric constant 
dielectric layer .so forme<l is formed upon a patterned first 
dielectric layer which is nol ctchable within the oxygen 
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coiUaining plasma, where the paltcrned first dieleclric layci' 
defines a via accessing a contact region wiihiti a sul)siraic 
iaytr ibrmcci bcnealli Itit patterned first iliulectric layer. 
'I'lnis, when employing an approjjriate hard mask layer and 
an oxygen containing plasma etch method employing the s 
oxygen conlaining plasma, there may be formed without 
employing an eich stop layer interposed between the pat- 
terned first dielcc!i-ic layer and the low cheleciric constant 
dielectric layer an aperture through the low cli«leciric con- 
stant dielectric layer and the pailcrntxl first dielectric layer, w 
which aiierturc comjjrises: (1) a trench within the low 
dielectric constant dielectric layer; and (2) at least a portion 
ol' the via. 'ilio aperture so formed may subsequently have 
formed therein a patterned comluclor layer a)ntiguous with 
a patterned conductor stud layer while employing a dama- ^5 
scene [netliod. Thus, the present invcnlioji provides a 
method for forming within a microelectronics fat)rication a 
patterned low dielectric constant dielectric layer adjoining a 
pallemed conductor layer which in turn contacts and is 
contiguous with a patterned ainductor stud layer, where the 20 
method provides for attenuated process complexity. 

'Hie present invention may be employed where the micro- 
electronics fabrication is a semiconductor integrated circuit 
microelectronics fabrication. ITic present invention does not 
discriminate with respect to the nature of a microelectronics 2s 
fabrication within whic!) is formed a patterned low tliclcctric 
constant dielectric layer interposed between the patterns of 
a patterned conductor layer which in turn contacts a pat- 
terned conductor stud layer, 'nuis, allhoi!gh Ihe method of 
the ])rcsent invention may be employed when foiining 3" 
patlorncd low dielectric constant dielectric layers interposed 
between the patterns of patterned conductor layers which in 
turn contact patterned conductor stud layers within semi- 
conductor integrated circuit microelectronics labrications. 
the method of the piesent mvonlion may also bo emiiloyed 
m formuiii patterned low dielectric constant dielectric layers 
interposed between tlie patterns ol patterned conductor 
layers whicii in turn contact piillcrned conductor stud layers 
within microelectronics labricalton.s inchiding but not lim- 
ited to semiconductor integrated circuit microelectronics 
fabrications, solar cell microcleciromcs iabncations, 
certimic sulxstratc microelectronics fabrications and flat 
panel display microcleciromcs labrications. 

ilic i^rescnt invention is rcadilv commercially imple- 
menled. Ihe nielnod ol the pre-sent invention employs 
methods and maici iais which arc otherwise generally known 
in Ihe an ol microelectronics labrication. Since it is a novei 
ordcrinn and use of methods and materials which provides 
the method ol the present invention, rather than the existence 
oi the methods and materials which pravides the present 
iiwcniion. the meihoti ol the present invention us rcachlv 
commerci al ly 1 m plemented. 

BRIEr DESCRIPTION 01- TMli Dl^AWINGS 

Ilie objects, features and advantages of the present inven- 
tion are untlerstood within the context of the Description of 
the Preferred Embodiment, as set forth below. Ihe Dcscri])- 
tion of the Preferred Embodiment is understood withm the 
context of the accomijanying drawings, which lorm a mate- (.n 
rial part of this disclosure, wherein: 

PIG. 1 to FIG. 7 show a series of schematic cross- 
sectional diagrams illustrating the results of forming wilhm 
a microelectronics fabrication 111 accord with a prelcrreci 
embodiment of the present invention two scries oE pattcruca C5 
low dielectric constant dielectric layers interposed between 
two series of patterned conduclor layers in turn coniaciing 



two series of pailcrncti conductor stud layers, in accord willi 
tlic method of the present invention. 



The jjresent invention provides a metliod for forming 
within a microelectronics fabrication a patterned low dielec- 
tric coiLstant dielectric layer adjoining a patterned conductor 
layer which in turn contacts a patterned conductor stud layer, 
where the method provides for attenuated procefss complex- 
ity. The method of the present invention realizes the fore- 
going dsjccts by employing when forming the patterned low 
dieleciric constant dielectric layer a low dielectric constant 
dielectric materia! which is etchable within an oxygen 
containing plajana. 'Ilie pallemed low dielectric constant 
dielectric layer so formed is formed upon a patterned first 
dielectric layer which is not etchable within the oxygen 
containing plasma, where the patterned first dielectric layer 
defines a via accessing a contact region within a substrate 
layer formed beneath the patterned first dielectric layer. 
Thus, when employing an appropriate hard mask layer and 
an oxygen containing plasma elch method employing the 
oxygen containing jilasma, there may be formed without 
employing an etch slop layer interposed between Ihe |)at- 
terned first dielectric layer anil the low dielectric ciinstant 
dielectric layer an aperture through the low dielectric con- 
stant dielectric layer and the jjatternud first dielectric layer, 
where the aperture comprises: (1) a trench within the low 
dielectric constant dielectric layer; and (2) al least a portion 
of the via. 'The aperture so formed may subsequently have 
formed tlierein a patterned conduclor layer contiguous with 
a patterned conductor .stud layer while employing a dama- 
.sccne method. 

1 he jue.seni invention does not disaiminale with respect 
to the nature of a microelectronics fabrication within which 
!S loniied a ))aiterncd low dielectric consiant dieiccinc layer 
mtcrpo.sed between the patterns of a patterned conductor 
layer which in turn contacts a patterned conductor stud layer. 
Ihus. althouiih the method of the present invention may be 
em[)loycd when torming patterned low dielectric constant 
dielectric layers mterjiosed between the ijalternsot patterned 
conductor layers which in turn contact patterned conductor 
stud lavers within semiconductor integrated circuit micro- 
electronics labrications, the method of the nresent invention 
may aiso be employed m torming jiailerned low dielectric 
constant dielectric laycre intcrpo.scd between the pallernsol 
j)altemcd conductor layers which in turn contaci patterned 
conductor stud layers within microelectronics labrications 
iiiciudinn but not limited to semiconductor iiitegratcd cii'cuit 
microeleclromcs fabrications, solar cell microelectronics 
labrications, ceramic substrate microelectronics labrications 
and Hat panel display microelectronics labrications. 

Relerring now to BG. 1 to HG. 7, there is. shown a .scries 
of schematic cross-sectional diagrams ilhistratmg the insults 
ol lorming within a microeleclromcs labricaiion m accord 
with a preferred embodiment ol the present invention two 
series ol patlerncd low dielectric consiant dielectric layers 
interposed between two scries of. patterned conductor layers 
which m turn contact two .scries ol patlerncrl conductor stud 
layers, formed in accord with the method ol the present 
invention. Siliown in hlG. 1 is a .schematic cro.ss-seciional 
diagram ol tiie microelectronics fabrication al an early stage 
in Its labricadon in accord with Ihe method ol Ihe present 



formed ilieroin a series of conlaci regions 12a, I2h, and I2c. 
Within the preferred cmbodimcnl of the present invention, 
llic subslrale 10 may be a substrate employed within a 
microelectronics fabrication inchiding but not limited lo a 
semicondijclor integrated circuit microelectronics 
fabricatioo, a solar cell microelectronics fabrication, a 
ceramic substrate microelectronics fabrication or a flat panel 
display microelectronics fabrication, Allbough not specifi- 
cally illustraied wiibin Ibe schematic cross-sectional dia- 
gram of HG, 1, llie substrate 10 may be the subslrale itself 
eitiploycd williin the microelectronics fabrication, or in the 
alternative, the substrate 10 may be the substrate employed 
within the microelectronics fabrication, where the subslrale 
has any of several a<ldilional layers formed thereupon or 
ihcrcovcr as are conventional within iht? microelectronics 
fabrication within wliich is cnipkiycd iho substrate. Such 
additional microelectronics layers may include, but are not 
limited to, microelectronics conductor layers, microelec- 
tronics semiconductor layers and iriicroelcdrooiics dielectric 
layers, : 

With rcsj)ccl to the contact regions 12.',', 126, and 12c 
formed within the substrate 10, (he contncl regions 12n, 12/;, 
and 12c will typically be cither con<;hiclor contact regions or 
semiconductor contact regions within the microelectronics 
fabrication within winch is employed the substrate 10. More ; 
preferably, witisin the present invention when the sub.'Jtrale 
10 is a semiainductor substrate alone employed within a 
.semiconductor integrated circuit microelectronics 
fabrication, atid the contact regions 12r/, I2b, and 12c are 
semiconductor substrate contact region-s which are typicnily ; 
employed when forming semiconductor integrated circuit 
devices employing the .substrate 10. 

Shown also within FIG, 1 formed upon the substrate 10 is 
a scrres of patterned hrst dielectric layers 14rt, 146, I4c, and 
lid which define a series of first vias ISn, 156, and 15c . 
which in turn access the series ol contact regions 12a, 12b, 
and 12c. Within the first prclerred embodiment ol the 
present invention, the .series ol p.iiicrnet! firsl (hclcctric 
layers 146, 14c, and i4a is lorrncii cl a nisi dieicctnc 
material which is not .sus<;;c|)ljb)c lo c.clnn;! wiilnn an 
oxygen containing plasma. Many diclecU ic nialt:riiils which 
po.ssess this jiropertv are known in the art ol niieroeiectron- 
ics labrication, such dielectric materials including but not 
limited to sihcon oxide dielectric materials, silicon nitride 
dielectric materials, and silicon oxynitrrdc dielectric mate- . 
rial'; which may be lormed emiiloying methods including 
but nol limited to chemical vapor deposition ((?V[)) 
methods, plasma enhanced chemical vapor depo.sition 
(P1.',CVD) methods and physical vapor depivsilion (PVD) 
.sputtering method.*. Thus, although other methods and mate- 
rials may be employed, the patterned flrsi dielectric layers 
14i7, 146, 14c, and 14d arc preferably formed of a silicon 
oxide dielectric inalerial dci)ositcd employing a chemical 
vapor deposition (CVD) method, as is conventional in the art 
of microelectronics fabrication, Preferably, each of the pat- 
terned ficsl dielectric laj'ers 14(7, 146, 14c, and I4d so 
formed is formed to a thickness of from atout 5000 to about 
9000 angstroms. Preferably, each of the first vias ISa, 15b, 
or 15c has a linewidth of from about 0.2 to about 0.5 

Also shown in FIG. 1 formed iijwn the patterned first 
dielectric layers 14r;, 146, 14c, and 14rf, and jioriions of the 
contact regions 12fl, 126, and 12c exposed within the 
corresponding scries of first vias 15a, 15b and ISc is a 
blanket second dielectric layer 16, Within the preferred i 
embodiment of the preisent invention, i!ie blanket second 
dielectric layer 16 is formed of a second dielectric material 



which is .susceptible to etching within the oxygen containing 
])lasma within which the patterned first dielectric layers 14rt, 
146, 14c, and 14<^ are not suscojitible to etching, I'or the 
pisrposcs of defining an extent lo which the patterned first 
dielectric layers 14rt, 146, 14c, and 14rf are not susccj^liblc 
to etching within the oxygen containing plasma while the 
blanket second dielectric layer 16 is susceptible lo etching 
within the oxygen containing plasma, the blanket Rtsi 
dielectric layer 16 preferably has an etch rate ratio witliin the 

3 oxygen containing plasma with respect lo the ])aiterned first 
dielectric layers 14f^ 14b, 14c, and I4d of greater than about 
20:1, more preferably greater than about .10:1, and most 
preferably greater than about 50:1. Although nol specifically 
ilitistraled within the schematic cross-.sectional diagram of 

- FIG. 1, the blanket second dielectric layer 16 may 
optionally, if desirable, be planarizcd employing an ajipio- 
priatc planarizing method. 

Within She preferred embodiment of the present invention, 
the blanket second dieleclric hiyer 16, which is formed of the 

) second {lielcctric material which is susceptible to etching 
within the oxygen containing plasma is preferably formed of 
a low dielectric con.slaiit dielectric material selected from the 
group including but nol limited to organic polymer sjiin-on- 
])olymer dielectric materials (such as but not limilcd to 

5 polyimidc organic polymer spin-on-polyiuer dielectric 
materials, poly-arylene-et!ier organic polymer spiu-on- 
])olymer dieleclric materials and fiuorinated iioly-arylenc- 
ethcr organic polymer spin-on-polynier dieleclric materials) 
and amorphous carbon dielectric materials (such as but nol 

J limited to amorphous carbon and fiuorinated amorphous 
carbon). Preferably, the blanket second dielectric layer 16 is 
formed to a thickness of from about 4000 to about 7000 

iliere is also ,shown in MG. 1 a blanket hr.st harri mask 

5 laver 18 lormed upon the blanket seconii dielectric layer 16. 
Within the prcrcrrcd cmbodimcnl of the i>resenl invention, 
the blanket hnst Jiard mask layer 18 is lormed of a bard mask 
material which is also not susceptible to etching within the 
oxygen contaunna, plasma. .Similarly wiih the patterned firsl 

1 dielectric layers Ua. 146, 14c, and 14f/. there are several 
methods and materials which may be employed in lorming 
the blanket first hard mask layer 18, where such methods and 
materials include but are not limited to thermally as.sisted 
evaiioration methods, electron beam assisted evaporation 

i methods, chemical vapor dcirosiiion (C.VO) mclhods and 
])liysical vapor de[X>sition (PVD) sputtenng meltiods winch 
may be em|>loyed for lorming blankel hard mask layers Ironi 
hard mask materials inchiding but not hmilcd lo conductor 
hard mask materials, semiainducior naro mask malenal.s, 

: and insulator hard mask malerials. Although the blanket firsl 
liard mask layer 18 may be formed cmpiovmg any ol several 
.such methods and materials as are known in the art of 
microoicctronics fabrication, the blanket firs! hard mask 
layer 18 is typically and preferably formed of a hatxl mask 

5 material analogous or equivalent to the dielectric material 
from winch is formed the patterned hrsl dielectric layers 
14ff. 146. 14c. and 14rf. Preferably, the blankel first ' " 
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about 500 to about 2(KK) anasfroms. 

Fmiih ihL' is 1 slLwnmlKj I the pi^sui^c U i 
.series of patterned firsl photoresist layers 20^. 206. 20c. and 
2m formed up [ tli ^ t fnsl h iid m isk 1 i\cr IS Within 
the first ])rcforrcd embocnmcnt oi the present invention, the 
patterned first pholorcsisl layers 20(1. 20A. 20c, and 2()d may 
be formed from any ol several photoresist materials as are 
generally known in the art of microoleclronic-s fabricalion, 
inclutling photorCiSisI materials .selected Irom the general 
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groups of i)liotoresist niaierials inclutling bui iiol liiniled lo 
])0.sitive jjholorcsisl materials and negative pliolorcsisl mate- 
rials. For ilic ptdarrcd cralxidimenl of the presenl invention, 
the patterned first photoresist layers 20a, lOb, 20c, and 20d 
are preferably formed of a ])Osilive photorcsisr material as is 
conventional in the art of microelectronics fabrication, in 
order !o assure optimal dimensional stability. Preferably, the 
palteraed first photoresist layers 29a, 20b, 20c, and 2f)d so 
ibrmcd ate formed to a thickness of from about 7000 to 
about iSOOO angstroms. 

Although iiot completely ilhislraled williii) the schematic 
cros.s-scclioiiiil diagrarn of I'ICi. 1, ihe [jaliemcLi liisi plio- 
lorcsisl Jaycis 20rt, 20b, 20c and 2i)d Jcluie. a sea.:. ;>!" liisl 
trenches 21(-/, 21h. and 21c leaving exposed a piulioii of ihe 
blanket first hard musk layer IS oi' arcal iliniension greater 
than the arcal dimension of a coircspoiuling first via ISrt, 
156, or 15c, while simullanccnisly :ii icasS partially overlap- 
ping the arcal dimension of the corresponding first vias 15^, 
ISb, or 15c. More preferably, as illustrated within the 
schematic cross-sectional diagram of WG. 1, the areal 
dimension of each first trench 21fl, 2lh, or 21c within the 
series of first trenches 2 la, 21b, and 2lb completely over- 
laixs and encornjiasses the areal dimension of a correspond- 
ing first via I5a, ISb, or ISc within the series of flret vias 
I5a, 15b and ISc. 

Referring now lo FIG, 2, there is shown a schematic 
cross-sectional cliagiain illustrating the results of furliier 
g of She microelectronics fabrication whose sche- 
ctional diagram is illii-strated in ¥IG. 1. Shown 
in FIG. 2 is a schematic cross-sectional diagram of a 
microelectronics fabrication otherwise equivalent to the 
microelectronics fabrication whose schematic cross- 
sectional diagram is illustrated in FIG. 1, but wherein the 
blanket first hard mask layer 18 has been patlerned to form 
a .scries of patterned first hard mask layers IS.v, IS;'?.. 1 Sc, and 
184 through clcfiiug while employing a fiisl plasnia 22 in 
conjunction with the patterned first ph' 
2Hh, 20c, and 20d as a first photorcs; 
Within the preferred embodiment of th 
the first plasma 22 preferably cmji)( 
composition approjjriate to the mate 
formed the blanket first hard mask layer 18. When the 
blanket first hard mask layer 18 is formed from a silicon 
oxide dielectric material, as is preferred within the preferred 
embodiment of the present invention, the first pla.sraa 22 4j 
preferably employs a fluorine containing (such as but not 
limited to fluorocarbon containing) etchant gas composition. 
Under such circumstances, the firs! plasma 22 more prefer- 
ably employs a carbon tetrafliioride, hexafiuoroeihane and 
atgon containing etchant gas composition, so 

Preferably, the first plasma 22 is employed within a first 
plasma etch method which also employs: (1) a reactor 
chamber pressure of from about 2 lo aboui 8 mlorr; (2) a 
source ratlio frequency power of ;iom about IdOO lo about 
20tK) watts at a radio ficqueucy of 13.56 MHZ; (3) a bias 55 
])owcr of from about 1000 to about 20(10 walls; (•■!) a carbon 
letralluoride flow rale of from about 10 to aboii; 20 standard 
cubic centimeters per minute (seem); (5) f, hcxslluoroethane 
flow rale of from about 10 to aboul 20 standard cubic 
centirnelers jjer minute (.seem); and (6) an argon flow rale of 60 
from about 1 (10 to aboul 300 standard cubic centimeters per 
miniite (seem), for a time suflicioiit to form from tlie blanket 
first hard ma.sk layer 18 the corresponding series of jiat- 
terneii first hard mask layers ISa, ISb, 18c and ISd. 

Referring now to FIG. 3, Ihere is sliown a schematic 65 
cross-sectional diagram illustrating the results of further 
processing of the microelectronics fabrication whose sche- 



layers 20h, 
nask layer. 
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matic cross-sectional diagram is illustrated in FIG. 2. Shown 
in I'lCi. 3 is a schematic cross-sectional diagram of a 
microelectronics fabrication otherwise equivalent to the 
microelectronics fabrication whose schematic cross- 
sectional diagram is illustrated in I^IG. 2, but wherein: (1) 
the patterned fiirst photoresist hyets 20a, 20b, 20c, and 20rf 
are stripped from (he microelectronics fabrication; and (2) 
the blanket second dielectric layer 16 is ijaiterned to form the 
patterned second dielectric layers 16a, 16/), 16c, and 16</, 
while simultaneously forming a series of first apertures 25fl, 
25fo, and 25c which access the corresponding contact 
regions 12fl, \2b and 12Cj while employing a second plasma 
24 and at least the patterned hard mask layers 18f/, ISb, 18c, 
and as a second etch mask layer. 

Within the preferred embodiment of the present invention, 
the second plasma 24 is the oxygen containing plasma 
within which neither the scries of patlerned first dielectric 
layers 14ff, \Ab, 14c, and \M nor the blanket first hard mask 
layer IS is SDSceptible to elching, but wherein the blanket 
.second dielectric layer 16 is .susceptible lo elching. 

Within the preferred embodimenf of the pre.se ni invention, 
the second plasma 24 preferably employs an oxygen con- 
taining etchant gas comixwition amiprising an oxygen con- 
taining etchant gas selected from the grou]) including but not 
limited to oxygen, ozone, nitrous oxide and nitric oxide. 
More preferably, the second plasma 24 employs an oxygen 
containing etchant gas comprising oxygen along with argon, 
where argon is employed at a sputter gas component. 
Preferably, the second plasma 24 is employed within a 
second plasma etch method which also employs: (1) a 
reaclor chamber pressure of from aboul 2 to about 10 mlorr; 
(2) a radio frequency .source power of from about .500 lo 
about 1.500 watts at a radio frequency of ]3..5ti MliZ; (3) a 
bias jKiwer of from about lOOO to aboul 2000 walls; (4) an 
oxygen flow rale of from aboul 10 to about .50 standard cubic 
centimeters per minute (.seem); (5) an argon flow rale of 
from aboul 5 lo aboul 20 standard cubic centimeters per 
minule (seem); and (6) an optional helium and/or hexafiuo- 
roeihane How rate of from about 1 lo about 5 standard cubic 
centinieters per minule (seem) each. 

Although as illustrated within the schematic cross- 
sectional diagram of FIG. 3 the ])alicrncd first iihotorcsisi 
layers 20a, 20*, 20c, and 20rf are stripped from the micro- 
electronics fabrication whose schematic cro.ss sectional dia- 
gram is illustrated in FIG. 2 simultaneously with patterning 
the blanket second dielectric layer 16 lo form the patterned 
second dielectric layers 16«, 166, 16c and \6d, it is also 
feasible within the pre.sent invention that liic patterned first 
photoresist layers 20«, 20i>, 20c, and 20d may be stripped 
from the patterned fir.st hard ma.sk layers ISn, 186, ISc, and 
18rf ))rior to patternitig the blanket second <lielcciric layer 16 
to form the patterned second dielectric layers I6a, W>, 16c, 
and 16rf while employing the second jilasma 24. Under such 
circumslaiices there is typically cm])loyctl for slripj)ing the 
patterned first [iholorcsist layers 20rt, 20/j, 20c, and 20d a 
wet chemical plioloresisi stri])i)cr which does not etch the 
blanket second dielectric layer 16. Allliough such an inde- 
pendent stripping of the patlerned first pholoiesist layers 
20a, 20b, 2fyc, and 20d adds process complexity to the 
method of the present invention, the use of Ihc patterned first 
hard mask layers ISa, ISb, ISc, and I8d alone as an etch 
mask layer in conjunction with the second plasma 24 will 
typically provide better deflnilion of the series of first 
apertures 2Sfi, 2Sh, and 25c which comprise: (:i) a series of 
trenches corresponding with the series of first trenches 21fl, 
21/), and 21c defined by the .series of patlerned first photo- 
resist layers 20a, 20b, 20c, and 204' and (2) Ihe series of first 
vias 15rt, 15/;, and 15c. 



11 

Under circumslanccs where llic pallcrncd first pliolorcsisl 
layers 20a, 20b, 2()c, and 20rf are si ripped from the miciX)- 
eleclronics fabricalioii whose schematic cross-seciional dia- 
gram is illiisfrateci in l-IO. 2 simultaneously with etching the 
blanket sccontl dielectric layer 16 lo form Ihe patterned 
secoud dielectric layers \6a, \6h, 16c, and 164 H'we is 
preferably emi)loye(l within the preterrccl cmboditiient of the 
prcseni invention a thickness of the patterned photoresist 
layers 20r/, 20h, 2ik% and 20d such that the patterned first 
photoresist layers H\a, 20/j, 20c, and 2(M are completely 
sirippe<l from the corresponding patterned first hard mask 
layers ISu, 18/;, 18c, and I8d without need for ovcretching 
the series of patterned second dielectric layers 16«, lib, 16c, 
and \.6d. Under sych circumslanoes, optimal lateral dimen- 
sional integrity of the series of patterned second dielectric 
layers 16ri, 16/;, I6c, and lerfis facilitaleil. Similarly, the use 
of the argon spuilering gas component within the second 
plasma 24 also assists in facilitating optimal lateral dimen- 
sional integrity of the patterned second dielectric layers 16rt, 
16/>, 16c, and 16^/. 

Referring [low to 1-lG. 4, there is shown a schematic 
cross-sectional chagram illustrating the results of further 
processing of the microelectronics fabrication whose sche- 
matic cross-sectional diagram is ilhistratcd in FIG. 3. Shown 
in FIG. 4 is a schematic cross-sectional diagram of a 
micrtwleclronics fabricatitm otherwise equivalent lo flie 
microelectronics fabrication whose schematic cross- 
sectional dia^am is illustrated in FIG. 3, but wherein there 
is formed into the scries of first apertures 25r/, 2Sb, and 25c 
a scries of patterned conductive contact stud layers 2(>a, 26h, 
and 26c contacting the respective contact regions 12rt, 12fc, 
and 12c within the suhslralc 10. Within [lie preferred 
embodiment of the piTOcnl invention, iSic series of patterned 
conductive contact stud layers 26rt, 26b, and 26c is formed 
into the scries of apertures 250, 2Sb, and 25c employing a 
damascene mcUiod. Within the damascene meliiod, a blanket 
conductive conlac! stud layer is formed upon the pat1erne{l 
hard mask layers IHa, ISh, 18c, and I8d and into the 
ajxirtiircs 25a, 25b, and 25c:, and sulisci]uenlly planarized, 
typically eniiiloying an appropriate polishing method. For 
the preferred embodimem of the present invention, the 
patterned conductive contact stud layers 26a, 26h, and 26c 
may be fortned of any conductive material which is con- 
veiilionaliy employed for forming conduelive coiKacl stud 
layers within the niicroeleciroLiics fabrication within which 
is employed Iho substrate 10. Such conductive niateiials 
may itieludc, but are not limited to metals, metal alloys, 
metal composites, melal alloy composites, doped polysili- 
con and jxilycides (doped polysilicon/mclal silicide stack.s), 
Iwncath and/or above which may optionally be formed 
barrier layers, as are conventional in the art of microelec- 
tronics fabrication. 

Shown also in FIG. 4 formed upon the patterned hard 
mask layers 18n, IHb, 18c, and ISd, and the padcrncd 
conchiclive stud layers 26;?, 26/;, and 26c, is a scries of 
patterned third dieleciric layers 28n, 2Sb, 28c, and 28rf 
which dulinu a series of second vias29rt, 296, and 29f which 
access portions of the corresponding patternetl conductive 
contact stud layers 26«, 26b, and 26c Similarly, there is also 
shown in I'IG. 4 ibrmed upon the patterned third dielectric 
layers 2fia, 2Sb, 28c, and 2Hd, and portions of the pallcrncd 
conductive contact slud layers 26a, 26h, and 26c cxjwsed 
within the corresponding vias 29a, 29h, and 29c a blanket 
fourth diclocirie layer 30. In addition, there is shown in FIG. 
4 formed upon ihe blanket fourth dielectric layer 30 a 
blanket second hard mask layer 32, Finally, there is shown 
in no. 4 formed upon the blanket second hard ma.sk layer 
32 a series of pasierned .second photoresist layers 34n, 34b, 
Mc, antl Mcl. 
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Within the preferred embodiment of the present inventioa, 
the scries of patterned third dielectric layers 28a, 2Sb, 28c, 
and 28rf is preferably formed employing methods, materials 
and dimensions analogous or equivalent to the methods, 
materials and dimensions employed in forming ihe series of 
]ialterned first dielectric layers I4fl, 14/;, 14c, and 14rf as 
iUn,slrated within the .schematic cross-sectional diagram of 
FIG. 1. Similarly, within the preferred embodiment of the 
])i-e.sent invention the blanket fourth dielectric layer 30 is 

] preferably formed employing methods, materials and 
dimensions analogous or equivalent lo the methods, 
materials, and dirncnsian.s employed in forming ihc bhmkcl 
second dielectric layer 16 a.s illusUaled within the sclicnialic 
crora Keciionai diagram of FIG. 1, In addition, within the 

5 second preferred enibcKhmeot of the present invention, the 
blanket second hard ma.sk layer 32 is preferably formed 
eniphiying methods, materials and dimensions analogous or 
equivalent to the methods, materials, materials, and dimen- 
sioas employed in forming Ihe blanket iirst bard mask layer 

J 18 as illustrated within the schematic cross-.sectional dia- 
gram of FIG. 1. 1'inally, within thcsccond prcfcrrcti embodi- 
ment of the present invention, the series of secotid photo- 
resist layers 34;;, 34b, 34c, and 34i-/ is preferably formed 
employing methods, materials and dimensions analogous or 

5 equivalent lo the methods, materials and djmcn.sions 
etnployed in forming tlio series of patterned first photoicsi.st 
layers 20rt, 20fc, 20c, and 20d as illustrated within the 
schematic cros.H-seclional diagram of RG, 1. 

Referring now to FIG. 5, there is shown a .schematic 

J cross-sectional diagram illustrating the results of further 
processing of the microelectronics fabrication whose sche- 
matic cross-sectioual diagram is illustrated in FIG. 4. Shown 
in FIG. 5 is a schematic cross-seclional diagram of a 
microelectronics fabrication otherwise equivalent to the 

5 microelectronics fabrication whose schematic cross- 
.scclional diagram is illustrated in FIG. 4, but wherein the 
blanket second hard mask layer 32 has been patterned to 
form a. series of patlerncd second hard mask layers 32rtj 326, 
32c and 32J ihrouiih etching with a third plasma 36 while 

:) employing the series ol' patlerncd .sccotld pholorcsi.st layers 
34«, 34/;, 34c-, and 34rf as a third etch mask layer, and while 
employing ihc blanket fourth dielectric layer 30 as an etdi 
slop layer. Within the jirefcrred embodiment of the piesent 
invention, the third plasma 36 is preferably formed cniploy- 

s ing methods and materials analogous or equivalent to Ihc 
methods and materials emjiloycd in forming the first plasma 
22 as illuKlral6<l wilhin FIG. 2. Thus, Ihe .series of pallerned 
second hard mask layers 32ff, 32/;, 32c, and :i2d as illus- 
trated in I'lG. 5 is formed analogously with the series ol' 

3 patterned fir,st hard mask layers 18fl, 18/;, 18c, and ISd as 
illustrated within the schematic crass-sectional diagram of 
FIG. 2. 

Refcrring now lo FIG. 6, there is shown a schematic 
cros.s-scctional diagnun iilustriiting the results of furllicr 

5 processing of the niicroek;cironics fabrication whose sche- 
matic cross-sectional diagram is illustrated in FIG. 5. Shown 
in FIG. 6 is a schematic crcss-socliona! diagram of a 
microelectronics fabrication otherwise equivalent to the 
microelectronics fabrication whose schematic cross- 

3 sectional diagram is illustrated in F!G. 5, bul wherein: (1) 
the series of ijalterncd second photoresist layers 34i7, 34/;, 
34c and 34;/ has been stripped from the corresponding series 
of pallerned second hard mask layers 32n, 32/;, 32c, and 
22d; and (2) there is formed from the blanket fotn lh dielec- 

5 trie layerSO a series of paltcrnod fourth dielectric layers 30o, 
30/;, 30c, and 30rf which defines a series of second apertures 
39a, 39ft and 39c which access the series of patiernetl 
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coiidiiclor coiilael slucl layers 26(i, 26b, and 26c, while 
cinployhig a fomth ])lasjna 38 and at least fho scries of 
jialttmed kucoikI hard mask layers 32a, 32h, 32c, and 22cl as 
a Ibiirlh etch mask layer. Wilhin the prci'crrcd embodimeiil 
of the present invcniion, Ihc fourth plasma 3S is preferably 5 
formed employing methods and niaicrial;; analogous or 
cquivaienl to the methods and materials employed in form- 
ing the second plasma 24 as iiluslraled wiihui ihe schematic 
cross-sectional diagram of FIG, 3, llius, ihc scries of 
piiUcmcd fourth dielectric layers 30a, iOb, 3<.)c, and 3(}d as 50 
illustraied within (he schematic cross-scolional tliagram of 
FIG. 6 is formed analogously orcquivalently with the scries 
of pallerned second dielectric layers 16a, 16h, 16c, and 16d 
as illustrated within She schematic cross-scclional diagram 
of FIG. 3. J 5 

Referring now to FIG. 7, liiere is shown a schematic 
cross-seclional diagram lUuslraling the resulls ol furllier 
))roce.ssing of the microelectronics fabrication who.se sche- 
matic cros-s-.sectional diagram is illustrated in FIG. 6. Shown 
in FIG. 7 is a microelectronics fabrication otherwise eqiiiva- 20 
lent to the microelectronics fabrication whose schemahc 
cro.ss-seclional diagram is illustrated in FIG. 6, but wherein 
there is forinc<l within the series of second apertures 39a, 
39b, and 39c a series of patterned conductive intercocinec- 
lioi) stud layers 40rt, 40/;, and 40c. Within the preferred ^5 
embodiment of the jjresent invention, Ihc series of jjalterned 
conductive interconnection slud layers 49a, 40h, and 40c as 
ilhistratcd within the schematic cross-sectional diagram of 
FIG. 7 is preferably formed emptoying methods, materials, 
and diincnsions analogous or equivalent to the methods, 
materials, and dimensions employed in forming the pat- 
terned conductive contact stud layers 26a, 26h, and 26c as 
illustrated within the schematic cross-sectional diagram of 
FIG. 4. 

Upon forming the microelectronics fabrication whose 
schematic cross-seclional diagram is illustrated in FIG. 7, 
there is formed a microelectronics fabrication having formed 
therein two series of low dielectric constant dielectric layers 
interposed Iwtwcen two series of patterned conductor layers 
which in (\irn arc contiguous with and contacting two series 
of patterned conductor slud layers, with attenuated proces!5 
complexity. 

A.S is understood by a ]>erson skilled in the art, the 
preferred embodiment of the present invention is illustrative 
of the present invention rather than limiting of the present 
invention. Revisions atKl jnodifications may be made to 
methods, materials, structures, asid dimensions through 
which may be formed microelectronics fabrications in 
accord with the ))rcfcrrcd embodiment of the present invcn- 
tion while still providing microelectronics fabrications 
formed in accord with the method of the present invention, 
as dcfine<l by the ai^pended claims. 

What is claimed is: 

1. A method ibr foritiing a via through a dielectric layer 
wilhin a microelectronics fabrication comprising: 

providing ii substrate em])loycd within a microelectronics 
fabrication, the substrate having a aintact region 
formed therein; 

forming upon the substrate a jjallcnxd first dielectric no 
layer, the patterned first dielectric Isyor defining a via 
accessing the contact region, the pallerned first dielec- 
tric layer being formed of a firsl dielectric material 
which is not susceptible to etching with an oxygen 
containing plasma; 35 

forming ujxm the pallerned first dielocfric layer a blanket 
seamd dielectric layer, Ihe blanket second dielectric 
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layer completely coveriiig the patterned first dielectric 
layer and filling the via, the blanket second dielectric 
layer being formetl of a .second dielectric material 
which IS susc^epiible to etching wiinin the oxygen 
containing plasma; 
forming upon the blanket second dielectric layer a blanket 
hard mask layer, the blanket hard mask layer being 
formed from a hard mask material which i.s not sus- 
ceptible to etching wilhin Ihe oxygen containing 
plasma; 

forming upon the blanket hard mask layer a patterned 
photoresist layer, Ihe patlcrncd ])holoiesisl layer leav- 
ing exposed a portion of the blanket hard mask layer 
greater lhat an arcal dimension of the via and at least 
partially overlapping the areal dimension of the via; 

etching while employing a fu-si ])lasma etch mctlKxl the 
blanket hard mask layer to form a patterned hard mask 
layer defining a first trench formed through the pat- 
terned hard mask layer while employing Ihc patterned 
photoresist layer as a first etch mask layer, the first 
plasma clcli mvltKxl employing a first ctchanl gas 
composition to inc hard mask material from which is 
formed the blanket hard mask layer; and 

etching while employinga second plasma etch method the 
blanket second dielectric layer to Ibrm a patterned 
.second dielectric layer having an aperture formed 
therethrough, the ai)orlurc comprising: 
a second trench corresponding with the first trench; and 
at least a portion of the first via, the second plasma etch 
method employing the oxygen containing plasma. 

2. The method of claim 1 wherein the microelectiX)nics 
fabrication is selected from liie group consisting of semi- 
conductor integrated circuit microelectronics I'abrications, 
solar cell microelectronics fabrications, ceramic substrate 
microelearonics fabrications and flat jianel display micro- 
electronics fabrications. 

3. The method of claim 1 wherein the patterned first 
dielectric layer is formed from a dielectric material selected 
from the group consisting of silicon oxide dielectric 
materials, silicon nitride dielectric materials and silicon 
oxynitride dielectric materials, 

4. 'ITie mclhoti of claim 1 wherein the blanket second 
(helcctric layer is formed Irom a dielectric materia! selected 
from the group consisting of organic jsolymer sj)in-on- 
])olymer dielectric materials and amorphous carbon dielec- 

5. 'I'he method of claim 1 wherein there is not employed 
a hard mask layer inler])0,sed between the patterned first 
dielectric layer and the blanket second dielectric layer, 

6. The method of claim 1 wherein the patterned i)hoto- 
resis! layer is stripped from the microelectronics fabrication 
siimdianeously with etching the blanket second dielectric 
layer to form the aperture through the i)atlerned second 
dielectric layer 

7. A method for forming a patterned conductor layer 
within a microelectronics fabrication comprising; 

jjroviding a substrate employed within a microelectronics 
fabrication, the substrate having a contact region 
formed therein; 

forming upon the substrate a pallernetl first dielectric 
layer, the patterned first dielectric layer defining a via 
accessing the conlaci region, the patterned first dielec- 
tric layer being I'ormetl of a first dielectric material 
which is not susceptible to etching with an oxygen 
containing plasma; 

forming upon the patterned first dielectric layer a blanket 
second dielectric layer. She Ijlaiikel .second dielectric 
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layer compleiulv covenng the pallerned lira dielectric 
layer add (iliing llie via, the blanket second dicleciric 
layer being ioinicd ol a setond dieleclric maiciuil 
which IS siiscepuble lo elching within the oxyifcii 
conlamHig plasma; s 

hirrnin^ upon tlie blaiiKol second dicScclric layer a blania'i 
hard mask laver, the blanket hard mask, layer being 
formed from a hard mask material which is not sus- 
ceptible 10 etching wilhm the oxygen conlaiuing 
plasma; 1" 

forming upon the blanket hard mask layer a patlcrncd 
photoresist layer, the patterned photoresist layer leav- 
ing exposed a portion of the blanket hard mask layer 
greater that an areal dimension of the via aiul at leasi 
partially overlapping tlie areal diiiieiision of tiie via; 

etching while ciiip]ovint> a hist plasma etch melhoil, the 
l>lankcl hard mask layer lo lorm a patterned bard mask 
layer delining a first trench formed Ihrough the pai- 
lerncd hard mask layer wink employing the paltcrncd 
photoresist layer as a n:sl ctcli mask layer, the firsi 
plasma etch method employing a hrsl ctchant gas 
comiiosilion to the hard mask material Irora winch is 
Lormed the blanket hard mask layer; 

ctcliing,whi!e employing a second plasma etch method 2^ 
the blanket second dielectric layer to lorm a patterned 
second dielectric layer having an aperture luimed 
therethrough, the aperture comprising: 
a second irench corresi)onding with the first ircnch; ami 
at least a portion ol the first via, the second plasma etch 30 
method em))loying the oxygen containing plasma; 
and 
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lormiDg mlo the aperture a pattcnico conductive stud 
laver. 

8. ilie method ol claim 7 wherein the microelectronics 
labncation is selected trora the group consislmg oi: semi- 
conductor integrated circuit microelectronics labncalions, 
solar cell microelectronics fabrications, ceramic substrate 
microelectronics fabrications and tiat panel display micro- 
electronics fabrications. 

9. I he method of claim 7 wherein inc patlcrncd first 
dielectric layer is formed from a dielectric material selected 
from the group consisting of silicon oxide dielectric 
materials, sihcon nitride dielectric materials and silicon 
oxynitride dielectric materials, 

10. Ihc nietho<l ol' claim 7 wherein the blanket second 
dieleclric layer is lormetl irora a dielectric material selected 
from the group consisting ol: organic j^olvmer spin-on- 
pnlymer dielectric materials and nmorplions carbon dielec- 
tric materials. 

1 .1 . 1 he method ol claim 7 wherein there is not empkiyed 
a hard mask layer inlerposed between the patterned hret 
dielectric layer and the blanket second dielectric layer. 

12. Ihe method ol claim 7 wherein the patterned pholo- 
resist layer is stripped from the microelectronics fabrication 
simultaneou.sly with etching the blanket second dielectric 
layer to lorm the a])6rHire through tlie patterned second 
dielectric layer. 

13. i he method of claim 7 wherein the patterned conduc- 
tive stud layer is formal employing a damascene method. 
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BACKGROUND OF THE INVENTION 
[0002] (1). Field of iho [nvcnlion 
[0003] 'il3e invuiilion rcliilufi to the maiiufacluring of high 
jjerformancc Inlcgriucd C^iicuil (K-'s), and more spedikally 
lo iiUJliwds oJ! achieving high performance of Ihe hilegralcd 
Circuits by reducing She parasiiic capacitance and resistance 
of intcrconnccling wiring on chip. 
[0004] (2). Description of the I'rior Art 
[0005] When She geonielric dimenKions of Ihe Inlcgratcd 
Circuits are scaletl down, the cosi per die is decreased while 
some aspects of i)erfoniia[)ce are iiupioved. The melal 
connections wllicll eonriecl She Intcgralcd Circuit to otlier 
circuit or syfilcm comixinenis become ol' relaiive more 
importance and have, wiih (be furliier miniaiuri/.asion of iho 
IC, an increasingly negative impact on the circuit perfor- 
mance, The parasitic capacitance and resistance of the metal 
interconnections increase, which degrades the chip perfor- 
mance signilicantly. Of most concern in this respect is the 
voltage drop along the power and gro\ind buses and !he RC 
delay of the critical signal paths. Ar.cmpts to reduce ihe 
resistance by using wider metal linos result in higher capaci- 

[0006J To solve this problem, the approach has been taken 
to devclo]) low resistance metal (such as copper) for the 
wires while low dielectric materials are used in between 
signal lines. 

[0007] Increased IniJul-Out]jul (iO) coniDnicd wsih 
increased dcmatuls for high performance IC s has led to ihe 
development of Mip Chip Packages. Mip-chip tcchnoloRv 
fabricates bumps (typically Pb/Sn so.uer.s) on Al pads on 
chip and interconnect the bumjK LUiccilv lu ilic jjaekaue 
media, which arc usually ceramic t>r plaMic based. Ihc 
flip-chip IS bonded lace down to tin; Tjackauu iiiL^dium 
through the shortest path. Ihc.se teclHwloaics can be applied 
no! only to single-chi]i packaging, but also to higher or 
integrated RacLs oi packaging in wnsch ihe jjackages are 
larger and to more sophisticated .sunstrates that accommo- 
date several cDins lo lorm larger riinc!n>nal nmls. 
[0008] I he ilip-chip technique, using an area array, has die 
advantage of aonieving the highest density of interconnec- 
tion 10 the device and a very low inductance interconnection 
to the package. However, prc-testability, i)ost-bonding visual 
inspection, and TC^E (Temperature Coellicicni of Expan- 
sion) matching to avoid solder buniiJ Ailigue are .stil! chal- 
lenges. In mounting several package.'; logeiher, such as 
.surface mounting a ceramic package lo a pia.slic board, the 
TCE mismatch can cau.se a large ihernial stress on the 
-solder-lead joints that can load lo joim breakage caused by 
solder fatigue from iemperature cycling operations. 
[0009] U.S. Pal. No. .5,212,403 (Nakanistii) shows a 
method of forming wiring connections both in.side and 
ouLsidc (in a wiring sub,sirale over the chip) for a logic 
circuit depending on the length of the wire connections. 
[0010] U.S. Pat. No, 5,501,000 (Geliman, Jr. ot a].) shows 
a structure vviili an insuialing layer between Ihe integrated 



It (IC) and the wiring .substrate. A di.slrihulion lead 
Ls the Ixinding pads ol' ihe IC lo the bonding pads of 
the substrate. 

[0011] U.S. Pal. No. 5,055,907 (.lacob.s) discloses an 
extended integration semiconductor stnicture that allows 
manufacturers to integrate circuitry beyond the chip bound- 
aries by forming a tliin film multi-layer wiring ciceal on the 
support substrate and over liic chip. However, this reference 
differs from Ihe ir 



[0012] U,S, Pat. No. 5,106,4<51 (Volfson et al.) teaches a 
niulli layer interconnect siruclure of alternating polyiniide 
(dielectric) and metal layers over an IC in a TA]3 structure. 
[0013] U.S. Pat. No. 5,(i35,767 (Wenzel ct al.) toadies a 
method for reducing RC delay by a P13GA that separates 
multiple metal layers. 

[0014] U.S. Pat, No, 5,686,764 (Fulclicr) shows a flip chip 
substrate that reduces RC delay by .scjiarating the jiowcr and 



SUMMARY OF THE INVENTION 

[0015] It is the primary objective of the present in 
is to improve Ihe performance of Migh Performance Inte- 

[0016] Another objective of the present itwcntion is to 
reduce resistive voltage drop of the power supply lines that 
connect the IC lo surrounding circuitry or circuit compo- 

[0017] Another objective of the jiresent invention is to 
reduce the RC delay constant of the signal paths of high 
performance IC's. 

[0018] Yet another objective of the present invention is to 
lacilitate the application of IC's of reduced sii« and 
increased circuit density. 

1 0019 j Yet another objective of the present invention is to 
further lacihtaic and enhance the application of low resistor 
conductor metals. 

[0020 1 Yet another objective of the present 
allow lor increased I/O pin aiusit for ihe 
performance I(.?'s. 

[0021] Yet anolhcr objective of ihe present ir 
sim]Dlify chip assembly by reducing llio need for rc-dislri- 
bution ol I/O chip connections. 

[0022] Yet another objective ot the present invenlion is to 
fiicililate the connection of high-])crformance IC's lo power 

[0023] Yet another objective of the present invention is lo 
facilitate the conneclion of high-perfomiaiice IC's to clock 
di.'ilribuiion networks. 

[0024] Yet anolhcr objective of the present invention is to 
reduce IC manufacturing costs by ailowitig or facilitating the 
use of less expen.sive process equipment and by accommo- 
clating less strict application of clean loom requiremenls, 
this as compared to sub-micron matiufiicluring require- 



[0025] Yet another objective of the present in 
be a driving force and stimulus for future system-on-chip 
designs since the present invention allows ready and cost 
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eftecfivc inlerooniiecfion beiween funclional circuits lhai <irc 
posilioned al relatively large distances from each other on 
(he chip. 

[0026] Yet another objective of the present design is to 
form the basis for a computer based routing tool that 
automatically routes interconnections that exceed a pre- 
determined iengili in accordance with the type of inlereon- 
nectioj) that needs to be established. 

[0027J The ])rcsent invention adds one or more thick 
layers of dielectric and one or more layer.s of wide metal 
lines on top of the finished device wafer, llie thick layer of 
dielectric can, for example, be of polyimide or Iwnzocy- 
clobulcnc (HCJj) witii a thickness of over, for example, 3 
um. The wide metal lines can, for instance, he ol alinnintini 
or electroplated copper. These layers of dielectric and metal 
lines can be used for jiower buses or power pknes, clock 
distribution networks, critical signal, re-distribution of I/O 
pads for Hip chip applicaiion.s, and for long signal paths. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG . 1 shows a cross section of the intercoimectiou 
scheme of the jjresent invention, 

[0029] FIG. 2 shows a cross section of the present inven- 
tion in a more complex circuit configuration. 

[0030] FIG. 3(1 shows the lop view of a combination 
jjowcr and X-signal plane using the present invention. 

[0031] FIG. 3/) shows the lop view of a conibination 
power and Y-signal plmc using the present invention. 

[0032] Vlti, 4 shows the top view of solder bump arrange- 
ment using the present invention and is an expanded view of 
a portion of I'TCJ. 5. 

[0033] FIG. 5 shows the top view of an example of 
power/ground pads combined with signal pad using the 
present invenlion. 

[0034] FIG. 6 shows a basic integrated circuit (IC) inter- 
connect scheme of the invention. 

[0035] FIG, 7 shows an extension of the basic IC inter- 
connect scheme by adding power, ground and signal distri- 
bution capabilities. 

[0036] FIG. 8 .shows an approach of how to transition 
from ,sub-micron metal to wide metal micrconnecis. 

[0037] FIG. 9 shows detail regarding BOA device fan out 
using the invenlion. 

[0038] FIG. 10 shows detail icgaicling BGA device pad 
relocation ii.sing the invention. 

[0039] MG. 11 shows detail regarding Ihe usage of com- 
mon power, ground and signal pads for BOA devices using 
the invention. 

DHIAILHD DHSCRIPTION OFIHH 
INVEN'nON 

[0040] The [jresont invention leaches an Integrated Circuit 
structure where key re-dislribution and interconnection 
metal layer.s and dielectric layers are added over a conven- 
tional IC. 'llicse re-dislribution and mterconncction layers 
allow for wider bii.ses and reduce convenliiinal R{,' delay. 



[0041] Referring now more specifically to FKJ. 1 , there is 
shown a cro.ss section of one im])lcnientati()n of the present 
invention. A silicon substrate 1 has transistors and other 
devices, ty]iically tbrnied of ])oly silicon, covered by a 
dielectric layer 2 cicpositec! over the devices and the sub- 
strafe. I.ayci' 3 indicates the lolaiity of melal iayers and 
dielectric layers llial arc typically created on lop of the 
device hiycr 2. Points of contact 6, such as bonding pads 
known in the semiconductor art, arc in the lop surface of 
layers 3 and are part of layer 3, Tlicsc points of contact 6 are 
])oints within the IC arrangement that need to be further 
contiected to surrounding circuitry, that is to power linos or 
to signal lines, A passivation layer 4, formed of for example 
silicon nitride, is deposited on top of layer 3, as is kuowii in 
the art for protecting underlying layers from moisture, 

[0042] The key steps of the invenlion begin with the 
dcpo.silion of a thick layer S of ])olyiniidc is depo.sited. A 
pattern 7 is exposed and etched through Ihe polyimide layer 
5 and the pas.sivalion layer 4 where the paltcrn 7 is the siimc 
as the pattern of the contact points 6. This opens the contact 
points 6 up to the surface 8 of the polyimide layer 5. 
[0043] Electrical contact with the contact points 6 can now 
be established by filling the openings 7 with a conductor, 
'file tops 9 of this melal conductor can now be u.sed for 
connection of the IC to its environment, and for further 
integration into the siurounding electrical circuitry. Pads 10, 
11 and 12 arc formed on lop of the top i) of the metal 
conductors 7; the.se pads can be of ai!y design in widtli and 
thickness to accotiunotlate specific circuit tlesign require- 
nienls. A larger sizi; j)ad can, for instance, be used as a Hip 
chip pad. A somewhat smaller in size pad can be used for 
power dislributioii or as a ground or signal bus. 'I'he follow- 
ing connections can, for instance, be made to the pads shown 
in FIG. 1; pad 10 can serve as a Hip chip jiad, ,)ad 11 can 
serve as a flip chip pad or can be connected to electrical 
power or to electrical ground or to an cicctrical signal bus, 
pad 12 casi akso .serve as a flij) chip pad. Titete is no 
connection between the size of the pads shown in FIG. 1 and 
the suggesletl po.ssible electrical coiinections for which this 
pad can be used. Pad size and the standard rules and 
restriclions of electrical circuit design determine the elec- 
trical connections to which a given pad lends it.self 
[0044] The following comments relate to the size antl the 
number of the contact points 6, FIG. 1. Because these 
contact jKiints 6 are located on top of a thin dielectric (layer 
3, FIG. 1) the pad si/.c cannot be too large since a large pati 
size brings with it a large capacitance. In addition, a iargc 
pad size will interfere with the routing capability of that 
layer of metal. It is therefore preferred to keep the .size of the 
])ad 6 .small. The size of pad 6 is however also diiectly 
related with the aspect ratio of via 7, An aspect ratio of about 
S is accejitable for the consideration of via etching and via 
filling. Ba.sed on these ainsiderations, the sivtc of the contact 
pad 6 can be in the order of 0,5 uiti, to 3 tun. the exact size 
being dependent on the thickness of layers 4 and 5. 
[0045] IIk ijresent invention does not impose a limitation 
on the number of contact pads that can be included in the 
design; this number is dependent on package design require- 
ments. Eayer 4 in FIG. 1 can be a tyjHcai K; passivation 
layer. 

[W46] 'I'he most frequently used passivation layer in the 
present state of the art is plasma enhanced CVI) (PUCVD) 
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oxkle and nitride. In creating layer 4, a layer ol' approxi- 
mately 0,2 iim. PECVD oxide is deposiScd first followed by 
a layer of approxinialely 0.7 um. nitride. I'a.ssivation layer 4 
i.s very important because it prolect.s (lie device wafer from 
moisture and foreign ion conlaminalion. 'lire j)ositioning of 
ll)i.s layer between the .sub-micron process (of the integrated 
circnii) and the (ens-micron procc&s (of ilic interconnecting 
mclalizalioii structure) is of critical importance since it 
allows for a chca))cr proccs.s thai possibly has less stringent 
clean room requirements for the process of creating the 
interconnecting mctalizaiion stmcturc. 
[0047] Layer 5 is a thick polymer dielectric layer (for 
example ]K)lyimide) that have a thickness in excess of 2 um 
(after curing). The range of polyimide thickness can vary 
from 2 um. to .30 um. dependent on electrical design 

[0048] For the deposition of layer 5 the Ilitachi-Dupont 
polyimide I ID 2732 or 2734 can, for example, be used. The 
polyimide can be .spin-on coaled and cured. After s]iin-on 
coaling, the polyimide will be cured at 400 degrees C. for 1 
hour in a vacutim or nitrogen ambient. For thicker polyim- 
ide, the polyimide Rim can be multiple coaled and cured. 

[0049] Another material thai can be used to create layer 5 
is the polymer boiizocyclobutcnc (BCU). l^is polymer is at 
this lime commercially produced by for instance Dow 

Ciiemical and lias recently gained acceptance to be used 
instead of typical polyimide application. 
[0050] The dimensions of opening 7 have previously been 
di.scussed. The dimension of the opening together with the 
dielectric thickness determine the aspect ratio of the open- 
ing. The aspect ratio challenges the via etch process and the 
metal tilling cajjability. This leads to a diameter i'or opening 
7 in the range of apjjroximately 0..'; um. to 3.0 um. while the 
height tor operiisig 7 can lie in !hc range of approximately 3 
um. lo 20 um. The asjwcl ratio of opening? is designed such 
thai filling of Ihe via with metal can be accomplished. The 
via csti be filled with CVD metal such as CVD tung.sten or 
CVD copper, with elcctro-less nicke), with a damascene 
metal filling process, with electroplating copper, etc. 
[0051] it must be noted that Ihe use of polyimide films as 
inter-level dielectrics has been pursued as a technique for 
providing partial jjlanarizalion of a dielectric surface. Foly- 
iinides oifcr the following characlerislics for such applica- 
tions: 

[0052] they jjroducc surfaces in which Ihe step heights 

of underlying features are n^luced, and slep slopes are 

gentle an<l smooth. 
[0053] Ihcy arc available lo fill small opcningjs without 

producing the voids that occur when low-ieinperalurc 

CVD oxide films are deposited. 

[0054] Ihe cured polyimide films can tolerate leiiipera- 
lures of U]) to 500 degrees C. without degradation of 
their dielectric film characlerislics, 

[0055] polyimide films have dielectric breakdowns, 
which arc only slightly lower than that of SiO^. 

[0056] the dielectric con.slanl of polyimidcs is 
.smaller than that of silicon nitride and of SiO^. 

[0057] the process used lo deposit and paflern polyim- 
ide films is relatively .simple. 



[0058] For all of the above characteristics, poiyimides are 
used and recommended within the scope of the present 
invention. 

[0059] FIG. 2 shows how the present invcnlion as indi- 
cated in FIG, 1 can be further exlendctl to include niulliplc 
layers of polyimide and, in so doing, can be adapted lo a 
larger variety of applications. The iowcr level build up of 
this cross seclioi! is identical to the build up shown in FIG. 
1 with a silicon w;iler 1, ihc jioly .silicon layer 2, the melal 
and dieieclric aimbmcti layer 3, Ihe passivaiion layer 4, Ihe 
polyimide layer 5 and Ihc pad.s Hi deposikd on loj) of layer 
5. 'I'he flLnction of Ihc structure that has been described in 
FIG. 1 can be further extended by tlcposiling another layer 
of polyimide 14 on top of the previously de])osited layer 5 
and overlaying the pads 10. Selective etching and nietal 
deposition can t'urlher create contact points 12, These con- 
tact points 12 can be connected with pads 10 as shown by 
connector 13, Depositing pads 12 on top of layer 14 can ihus 
further extend this process. These ]Kids 12 can be further 
customized lo a parlicular applicalion, the indicated exlen- 
sion of multiple layers of polyimidcs greatly enhances the 
llexibilily and usefulness of Ihe present invention. Addi- 
tional alternating layers of polyitnide and metal lines and/or 
power or ground planes may be added above layers 12 and 
16, as needed, 

[0060] FIGS. 3rt and ib show a top view of one po.ssib!e 
u,se of the present invention. Interconnecting a number of 
pads 32 thai have been created as described creates signal 
lines 30, Additional contact points such as point 34 can 
allow signal lines to pass vertically between layers. The 
various contact points can, for instance, be created within 
the surface of a power plane or ground plane 36. The layera 
within the interconnecting metalization stiuclurc of llie 
])resenl invenlion can contain signal inleiconneclions in the 
X-direclion, .signal interconnections in the Y-dircclion, sig- 
nal inieroonneclions between X and or Y directions, inter- 
connections to and/or within power and/or ground buses. 
The present invenlion further leaches the interconnection of 
signal lines, power and ground buses between the connected 
IC's and the lop of ihc metalization sy.stom of the present 

[0061] h Ui. 3tf shows signal lines formed in the X-tlirec- 
lion, VIG. 31) shows signal lines formetl in Ihe Y-direclion. 

[0062] FIG. 4 presents yci another ajiplication of Ihc 
liicseiil invention. Shown in FIG. 4 is an exploded view of 
a pari of FIG. 5 lh;i! presents an area array 1/0 distribution. 
FIG. 4 shows pads 41 (on which solder bumps can be 
created) and an example of a layout of the redi.stribulion of 
ihe peripheral p,ads 41'. The exploded view of VWy. 4 is 
taken along ihe line 2-2' shown in FKJ. 5, the redistribulion 
of the peripheral pads. 41' (see FIG. 4) is, for clarity of 
overview, not shown in FIG. 5. The power or ground 
connections can be made to any point that i.s required on the 
bottom device. Furlhcrmorc, the power and grotintl planes 
can be connected to the power and ground planes of the 
package substrates. FIG, 4 shows an example of how lo use 
Ihe topmost melal layer to redistribute the jicriphcral pads 
41' lo become area array pads 41. The solder bumps can Ihcn 
be crealed on pads 41. 

[0063] FIG. 5 shovwi the loj) surface of a plane thai 
contains a design pallerii of a combination of power or 
ground pad.s 52 and sii^al pads 54. FI(r. 5 shows the pad 
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openings m (he sop (iicleclric laver. II is lo bo noled that the 
around/power pads 52 are heavier and larger m desisn 
relative to the signal pads 54. I he present invention ideallv 
lends ilsull lo meelina these diftercnccs ;n design, as they arc 
reqiured withm the art ol chip and hii;:i ptriormanee cireiiil 
design. I he number ot: power or ground pads .12 shown m 
!<■[(;. 5 can be reduced is there arc ;)Owcr aiict/or ground 
planes wslhin the chip, l-rom this it is clear that the package 
number ol I/CJ s can be reduced within the .scope of the 
prcsen! invenimn which leads to a reduction of the package 
cost bv chniinatiiig common signal/powcr/gtound conncc- 
Uons Witnm the package. For inslaiice, .1 470 I/O count on a 
BGA chip can, within ihe scope of the present mvenlion, bo 
reduced lo a 256 1/0 count using the present invention. 1 iiis 
resiihs m consulerabie savmjis lor the overall package. 
[0064] MG. 6 shows a basic design advantage ol the 
invention. Ihis advantage allows for the sub-micron or 
hnc-hnes. that run in the immediate vicinity ol the metal 
layers 3 and the contact points 6. lo be extended in an 
upward direction 20 tlirouiih molai interconnect 7'. this 
extension conliniies in the direction 22 m the horizontal 
plane ol the metal interconnect 26 and comes back down m 
the downward direction 24 through metal interconnect 7" . 
i he hinclions and con.strucl.s of die passivation layer 4 and 
the insulating layer 5 remain as prcviou.sly highhiihted under 
HG. I. Ihis basic design advantage of the invention is lo 
■■elevate' or "tan-ouf the fiuc-hne interconnects and to 
remove these jnierconnocts from the micro ami suh-inicro 
level to a [iietal interconiiect level that ha.s considcrablv 
larger dimensions and is tiiei-eloie with smaller icsi.siance 
and capacittmce and is easier and more cost cilcctivcly to 
manutaclure. 1 Ins aspect oi the invention does not mcludc 
any a.spcct oi conducting hue redistribution and therefore 
ha.s an inherent cpiahtv ol simplicity. It therefore further adds 
to the importance ol the invention in that it makes micro and 
.sub-micro wiring accessible al a widc-metal level, ihe 
intcrconnectiot^s 7' and 7" inlerconnecl the fine-level melai 
bv going uj) through the passivation and polymer or ])olv- 
iimdo dicleclric iayers. transveises Over a distance on the 
WKle-nictal level and continues by descending from the 
wide-mctal level back down lo the (inc-mctal level bv again 
transversing down through (he pa.ssivation and polymer or 
polyimide dielectric lavers. Ihe extensions that are m tins 
manner accomplished need not to be limited lo extendinsi 
line-niela! interconnect iximhs 6 of any particular type, such 
as .signal or power or ground, with wide metal lino 26. f he 
laws ol phvsias and electronics will imjKisc limitations, il 
any, as to what tyjjo oi interconnect can bv cslabli.shed in this 
manner where limiting factors will be ilie conventional 
limiting factors ol resistance, propagation delay, RC con- 
stants and otncrs. Where the invention is of importance is 
that the invention provides much broader latitude m being 
able to appty ine.se jaws and, in so cioing, provioes a 
considerably extended scope of the application and use of 
Integrated Circuits and the adaptation of these circuits to a 
wide-niclal environment. 

[0065] FIG. 7 shows how the basic interconnect a.specl of 
the invention can further be extended lo now not only 
elevate the fine-metal to the piano of the wide-mctal but lo 
also add (Xjwer, ground and signal distribution interconnects 
of power, ground and signal planes at the wide-metal level. 
The wide-mcial inlercoimect 26 of FIG. 6 is now extended 
to further include an interconncciion with the via 21, In 
typical K: design, ,st>niu pads may not be positioned in a 



location Irom winch casv Ian-out can be accom])hshed lo a 
location that is required lor the next stej) ot circuit a.ssemblv. 
In those cases, the BIjA substrate requires additional layers 
m I t 1 itkige conslriiclion in or Ici i< ic iiiplish the 
recjiurecl tan-out. Ihc invention leaches an approach that 
makes additional lavers m the assembling ot an IC feasible 
while not unduly increasing the cost ol: creaiing such a 
multi-laver interlace. Ball lormation 28 on the surface ot 
interconncci 23 uicicalcs how the invention replaces part of 
the conventional BuA lulcrcoiiiiccf function, the .solder 
bum]) inovides lor llio chip assctiibiy. I liLS interconnect 28 
now connects the fi^iA device with surrounding circuitrv at 
the widc-metal level a,s opposed to ])rcvious interconnects oi 
the BGA device at the linc-metal level. The widc-metal 
interconnect ot tnc BuA has obvious advantages ol cost of 
maiiulactunng and impiovcd BOA device performance. By 
being able to readily cxicnd the wide-nictal dimensions it 
also becomes possiule to mtorcoiinecl power, ground and 
signal lines at a wide-metal level thereby rotlucing ihe ctwl 
and complexity ol periorminii this lunction at the lino-metal 
level. The indication ot 2S as a ball does not !m])Sv that the 
invention is limited to solder bumps lor making intercon- 
nects. 1 ho invention isequaHv applicable to wirebonduiii tor 
making circuit interconnects. 

[0066] FIG. 8 further shows a cross section wherein the 
previous linear coaslruclion oi Ihc metal interconnection 
running through the pa.ssivation layer and the insulation 

IS covered with a pa.ssivation layer 62. a layer 64 ot 
polvimide or polymer is depo.sited over the nas-sivation iaver 
62. 1 he wide melal level 66 i.s lornied on the surface ot layer 
64. Ihe via 70 is shown as having sloping sides, these 
slo])ing sides can Ixj achieved bv conirollinst the jihotoh- 
Ihography process that is used to created the via 70. Hie 
etching ot the polyimide or polymer can (or instance be done 
under an angle of about 75 degrees with the lollowmg curing 
being done under an angle of 45 degrees. Also, a pholasen- 
sitivc polviniidc or polymer can be used, the cone shape of 
the via 70 can m thai ca,se be achieved by variation ol 
exposure combined with time ot exposure combined with 
angle ol exposure. Where non-])hotoscnsil!vc polymer or 
polyiinidc is used, a wet etch can bo applied that has a 
gradated taster and longer time etch as the to]) ol the via 70 
IS being apjiroached. tlie layer ot wide-melal pad 68 is 
deposited on the siiriacc ot the polymer or polviraidc layer 
64. the wide-metal pad deposition 68 mates with the top 
stii tacc ot the via 70 and is centered on toj) ot this surface. 

[0067] FIGS, 9 through 11 show further detail lo dem- 
onstrate the concepts of BGA chip ball tan-out, pad reloca- 
tion and the creation of common ground, power and signal 

[0068] FK;. S» shows a cross section 100 of a )3GA chip, 
five balls 101 through 105 are also shown, By using the BGA 
substrate 106 and the wiring 107 within iho substrate 106, it 
is clear that ball 101 can be repositioned to location 111, ball 
102 to location 112, etc. for the remaining solder bumps 103 
through 105, It is clear that the separation of contact points 
111 through 115 is considerably larger than the .separation of 
the original solder bumps 101 through 105. The BGA 
substrate 106 is the subject of the invention, this substrate 
allows for spreading the distance bciwccn the contact point.s 
or halls of the HCiA device to a considerable degree. 
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[0069] FK;. 1 (t shows Ihc concept of pad rclocalion. RGA 
pad 120 can l)e any of the contact balls 1(11 through 105. By 
using Ihc EGA substrate 130 and ilie wiring 131 that is 
provided within the substrate, it is clear that the BGA pads 
cdn be arranged in a dilTerent and arbitrary sequeiico that is 
rcqin'red for further circuit design or packaging. For in.stancc 
contact point 101, which is on the far left side of the BGA 
device 100, in re-routed to location 121 which is on the 
second far right of Ihc HGA substrate 130. The re-arrangc- 
mcnts of the other BGA solder bumps can iieadily be learned 
from following the wiring 130 within the subsfrale 131 and 
by tracing frosn .solder bitmp to ohc of the contact jioinls 122 
through 125 of the BGA .substrate. 

[0070] FIG. 11 shows the interconnecting of BGA device 
solder bumps into common power, ground or signal patls. 
'I'hc BGA chij) 100 is again shown wllli five solder bumps 
101 through 105. Tlie BGA substrate 130 contains a wiring 
scheme that contains in tliis example thiisc wiring units, one 
for euch for the ))Ower, gKiund and signal bumps of llie UGA 
device. It is clear Irom FIG. II that wire airangemeni 132 
connects ISGA device solder bumps 101, 103 and 105 to 
interconnect point 138 of the BGA substrate 130. It can 
further be seen that BGA device solder bump 104 is con- 
nected to interconnect point 140 of the BGA substrate by 
means of the wire arrangement 136, while BGA device 
solder btnnp 102 is connected to interconnect [xiinl 142 of 
the BGA substrate by means of the wire arrangement 134. 
Tiic iniinber of pins required to interconnect the BOA device 
100 is in Ihi.s manner reduced from five lo ll;ree. It is clear 
that for more BGA device solder bumps, as is the ca.se for 
an actual BGA device, the mmieric effect of the indicated 
wiring arrangement is considerably iTSorc beneficial. 

[0071] Some of the adviiniages of the present inveniioii 
are: 

[0072] 1) improved .speed of the IC inferoonnections 
due lo the use of wider itietal lines (which results in 
lower resistance) and thicker dielectrics between ihc 
intcrconnecfing lines (which results iti lower capaci- 
tance and reduced RC delay), 'llic improved speed of 
the IC iiiterconnections results in imi)fovcd perfor- 
mance of liigh Performance IC's. 

[0073] 2) an inexpensive manufacturing process since 
there is no need for expensive equipment tiiat is typi- 
cally used iti sub-micron IC fabrication; there is al.so no 
need for the extreme clean room facilities that are 
typically required for sub-micron manufacturing, 

[0074] 3) reduced packaging costs duo to the elimina- 
tion of the noctl for redundant I/O and multiple power 
and ground connection points that arc needed in a 
typical IC packaging. 

[0075] 4) IC's of rctluced size can be packaged and 
intcr-coimcctcd with other circuit or system compo- 
nents without limiting the performance of the IC's, 

[0076] 5) since dejiendence on ultra-fine wiring is 
reduced, the use of low resistance conductor wires i.s 
facilitated. 

[0077] 6) structures containing more complicatetl IC's 
can be created l)ccause the invention allows for 
increased I/O pin count. 



[0078] 7) more complicatecl IC's can be created without 
the need for a significant increase in re-di.slribution of 
package 1/0 connections. 

[0079] 8) iMwer buses an<l clock dislribiilion networks 
are easier to integrate within the design of IC's, 

[0080] 9) future system-on-chip designs will benefit 
from the present invention since it allows ready and 
cost effective interconnection between functional cir- 
cuits (hat are positioned at relatively large distances 
from each other on the chip. 

[0081] 10) form the basis for a comjiuter based routing 
too) thai aulomalically routes interconnections that 
exceed a predetermined length in accordance with the 
type of interconnection thill needs lo be established. 

[0082] 11) provide a means to slandardi/x BGA pack- 
aging. 

[0083] 12) be applicable lo both solder bumps and 
wircbonding for making further circuit interconnects. 

[0084] 1.^) provide a meaiw for BGA device solder 
bump fan-out thereby facilitating the packing and 
design of B<JA devices, 

[0085] 14) provide a means for BGA device pad relo- 
cation thereby providing increased llcxibility for the 
packing and design of BGA devices. 

[0086] IS) provide a means for common 13GA device 
jiower, ground and signal lines thereby reducing the 
number of pins required lo interconnect the BGA 
device with the .surrounding circuits. 

[0087] 16) provide a means for more relaxed design 
rules m designing circuit vias by ine application of 
slojietl vias. 

[0088] 17) provide the means for extending a fine-wire 
interconnect scheme lo a wklo-wire inlcrconnect 
scheme without the need to ap])ly a passivation layer 
over the .surface of the fine-wire structure. 

[0089] Although the preferred embodiment of the present 
invention has l)ccn illustrated, and that form has been 
described in detail, it will be readily understood by those 
skille<l in the an that variou.s modifications may be made 
therein without departing from the spirit of the invention or 
from the scope of the appended claims. 

What is claimed is: 

1. A method for forming a lop mclalizalion system for 
high performance inte^alcd circuits, comprising: 

forming an inlegraled circuit comprising a plurality of 
devices formed in and on a semiconductor substrate, 
with an overlaying inlcrconnecting mctali-/.alio]i struc- 
tuiu connecied lo said devices and comiJiising a plu- 
rality of first metal lines in one or more layers; 

depositing a passivation layer over said interconnecting 
melalizalion structure; 

depositing an insulating, separating layer over said pas- 
sivation layer that is substantially thicker than said 
passivation layer; 
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to]iiiinj> ()|x;nint>n ihiough said msiHaling, scpar.iliti!', 
l.'Wi'.r ;in<i siinl nassivatioii layer lo expose upper riielal 
pnrlinns ol siiiti ovcrlavmii inlcrcoiraccling mel!iir/.a- 
lion siriiciurc; 

deposilini; inclal conlacis in said openings; and 

ioriiune said loj) melalizaljoii system connected to said 
oveii;ivirH> inieicoiiiicciing metaliwilton siruclure. 
wSicrcsn s;ii(l lop iiielali/jition system comjjnses a plu- 
raiiiy ol lop inclal Imcs, m one or more layers, each of 
said lop melal lines haviiii^ a wullh substanhally greater 
than said first metal lines, 

2. Ihc nielhod ol claim 1 whcicin llie lop metalization 
system connects portions ol said inlcrconnectins; metahza- 
tion stmctiire to other jwrlions of said interconneelinii 
mclalizalion structure. 

3. I hc method of claim 1 wherein said lop mclalization 
system comprises signal lines thai are suhslanliallv wider 
than lines in said interconnecting mctaiizaiion siruclure. 

4. Ilic mctiiod of claim 1 wherein said lop metiili/auon 
system comprises power planes having power buses loai are 
substaniiallv wider than hnes in .said interconneciinn inei- 
aliAilion sirdciure. 

5. Ihe method of claim 1 wherein said lop melali/ation 
system comprises ground ])lanes having around buses thai 
are substaiiliallv wider than lines in said interconnecting 

6. Ihe method of claim 1 wherein s-aid lop iiietalization 
system comprises planes thai contain bolh signal lines and 
power buses that arc substantiailv wider than lines in said 
liitercoiiiiectisig mctahzation structure. 

7. Ihc nicihod of claim I wherein said lop raetahzation 
syslem comprises planes thai contain bolh signal lines and 
ground buses tnai are subslantiiilly wider lhan lines iii said 
mierconnecting mciabzation slniciurc. 

8. lite metiiod oi claim 1 whcicn) said lop mctali/salion 
syslem comprises planes tlial contain both jxtwer buses and 
ground buses that arc subslantialiy wider lhan lines m said 
inlerconnectins mctahzntion sliiicliire. 

9. 1 he iiielhod oi claim 1 wiiereiii said oveilayma inter- 
connecting mctalization structure comprises electrical con- 
iaci ]M)mls. 

10 The meiiiod ol claim 9 wlierem llie si/e ol: said contact 
points IS wuhin the ramie of approximately 0.3 um. lo 5.0 

tl 1 he meth d cl el ml v.hcrt i ] Ui n 1 >tr 
comprises Plasma Enhanced CV)) (PECVDj oxide. 

12. 1 he method ot claim 1 wherein said passivation layer 
comprises Plasma Enhanced CVD (PECVD) nitride. 

13. Ihc mclhod oi claim 1 whcreui said passivation layer 
comprises a layer within the range of approxmiatcly 0.1.') to 
2.0 um of Plasma Enhanced CVD (P1:C;VD) oxide over 
which a layer wilhui the range of approximalely 0.5 to 2.0 
uni PliCVD nilnde is deposited. 

14. Mic mclhod of claim 1 wherein said insulalniE, 
sco.iiating layer is a polymer dieleclnc layer or any oilier 
appropriate insulaling material. 

15. I he method ol claim I wherein said insulating, 
separating layer comprises polyimidc. 

16. Mie method ot claim 1 wherein said insulating 
separating lavcr comprises the polymer benzocyclobuteiie 
(1?C13). 



17. Ihe method ol: claim 1 wherein said insulating, 
.separating layer is of a thickness alter curinsi witiim the 
range oi approximalely 1.0 to 30 nni. 

IS. Jhc method of claim 1 wherein said insulating, 
separating layer is .spin-on coated and cured. 

19. The method ol claim 1 wherein said insulating, 
separating layer after .said si)in-on coaliiis; is cured at a 
icmporattirc within ihc range ol a])])roxinialcly 2.50 to 450 
degrees C. lor a lime within iho ranae of apDroximafcly 0,5 
to 1.5 hours said curing lo occur within a vacuum or mlrogen 
ambient. 

20. Ilie melhod of claim 16 wherein snd insulafing, 
.sci^aralmg layer is siibjecied lo multiple processing steps ol 
S)iin on coating and curing. 

21. llie melhod of claim 20 wherein said insulaling, 

separatina layer after each process step ol said spin on 
coatina is cured at a temperature within the range ol: appioxi- 
matclv 250 to 450 decrees (;. for a time wilhm the laiiac of 
approxiniatclv 0.5 to 1.5 hours said curing the occur within 
a vacuum or nitrogen ambienl, 

22. 1 he mclhod ol claim 1 wherein said opemnes have an 
aspect ratio wuhm Ihe ranae of approximately 1 lo fO. 

23. 1 he method of ciaini 1 wherein said nietai contacts arc 
selected from a grouj) coni])nse sputtered ahimmum, CVIJ 
tungsten. CVD cooper, electrojilated copper and oleclroicss 
nickel 

24. ] be melhod ol claim i wnerein said metal coniacis 
comjjrise damascene metal hlling, 

25. Jlie melhod ot claitn 1 wherein saio top mclali/ation 
svsiein compri.scs oiniacl pads on the lop meia! layer 
wnorcby .said contaci j)ail can comprise any a])prO])riate 
contact maienal. such as but not lmn!e<l to lungsien, chro- 
nimm. copocr (clcclroplalcd or elect roles.s), aluminum, 
polvsiucon. or the like, 

26. Ihe mclhod of claim 1 wherein .said lop metal layer 
comprises contact pads, .said contact pads comprisinii siuiial 
connection jiads whereby said signal connection i)ads can 
comprise :niv appronnale coiltaci maienal. such as but not 
limited lo uiiigsicn. cliromiuni. copper (electroplated or 
l1 cli 1 'isilic 1 or thi. like 

27. 1 :ic incinoo ol claim 1 whercm said top nictaUzalion 
.syslem contains comae; j)ads on the top metal layer, said 
contact pads containing sianal connection pads in addition io 
power and ground connection jjads whereby said signal 
coiinecUon pads can comprise any approiMiate contact mate- 
nai. such as but not limited lo tungsten, cnromuim, copper 
(cicclroplaicd or elcclroloss), aiuminiini. polysmcon, or the 
like. 

28. ITie melhod ol claim 27 wherein said signal paus are 
mounletl m the periphery ol said top melahzaiion .syslem 
and said power and grotind connection jiads are mounted 
within the area enclosed by said signal pads whereby said 
power and a,roiind connection pads and said signal pads can 
conipri.so any approj^riatc contaci maienal, such as but nol 
hmited to Itingston. chromium, copper {electroj)latcd or 
cloctrolcss). aluminum, poiysilicon, or the hke. 

29. A stimicondiiclor device structure coniuiisinn: 

a semiconductor subslrale coiiipnsiiia. scniicoiiduclor 
devices; an inlercoimectiiig melali/.aiion slrucluie ain- 
necle<l lo said devices; 

eleclrical conlacl points on an upjier lo]) surface of said 
interconnecting metalizalion .struciure and connected lo 
said inlcrconneuling melali/ilion slrucluie. 
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passivnlinn Uiver tlcpOKiled over said inierconncdini; which a liiytr wiihm iliu isiifti; oi iipjii 

1 I el I n ILCVD 11 

p„i„ts: 40. nic incihiKl of claim 29 who 

1 insulHling layer cicpttsiieci over said passiviuiuu hiyi;i .J. [..,:...,' :„i 

In 1 1 y.,v (v™g ".l™:ini.«lly imck 1 ^,11 I lo 1 I 

' y I a ,ly o 1 t 

1111 1 1 pi 42 Ihe nehol oC dan ) I 

] 0 p a 1 ye CO 11] scs he i>q1> 

clccMicI a>,)l;,cl poinKs; (BCB). 

43.Theslruclurcofc1ami29whcrcii 

' 1 1 kn f 1 



1 ru 
Jl II 1 2 wi 

itaiioii slrucaire luriher comprises: 



a pluraliiv of insulating laycre: 



a phiralily of slruclurcs of melal inlcro 
formuc! beiwccn siuo insiiliuing layers; 



clalizaiioii slnici- 
id olcclrical com 

ililv f\| conlaci pads in an uiiper layer of saici connccUiii! nioializalioii siriicuirc i 
1 1 L a 1 1 1 o 0 

larger ilian the distai 



iinccnng said contaci pac 



! 

1 I 1 la 



^ ' ^> ' ' 1 hnV:'n 

on 1 1 B 1 1 a ! a I 1!> 1 , n ai 

lhan hues in saia iniorconnecung mciahzauon sirvciurt. ....^ ..i.j ; 

33. The stnicnire of claim 31 wherein said metal inter- , o„ 

connecting lines are power buses, and arc siibsianuany ,„,^ opening.; ihro,, 

wider lhan lines in said imerconneciing meializaiion siruc- ,, . j. 

34 11 ru f 1 ^1 I II f ' 

coiiiiecling lines are ground bu.ses, and arc snbslanlially conisrucicd and rouled su> 



1! i I wl a 1 1 11 ( I 

n 1 L a on f !,nall i) j ( ^ nt ! i i I 

St- 1 ly w 1 1 1 XI I a i 

connecting incialixauon siruciure. whereby the distance between said eleciri 

36. llie slrucliirc ot claim 31 wherein said nicial inier- of .said top meialization striictuiw is laraci 
connccung lines arc a combinauon of puwer .md giOund between said electrical coniaci poini oi .sa 
biiso n 1 b innally wider ihan lines in said inier- meializaiion .structure by a measurable 
connociina mctali/,aiion siruciure. furllicrmorc the sequence or adjacency 

37. The slrucliirc ol claim 31 wherein saw mciai inter- contact points of said itnerconnecting mci 

ns, 1 1 I L, ) 1 i 0 c sf. ly he a e as I i 

Is 1 11 1 1 i 1 1 ill 1 1 



1 1 p, X 1 

I 1 1 ly n , n 

11 111 
iiin. coottcr (electroplated or eleciroless). 
ilicon. or the like. 

lire of claim 29 wherein saio passivation 
a iayer wiihin the range of approximaiclv 
asnia Bnlianced C:Vi3 (I'l-CVD) oxide over 
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friMl cont-'icl points of said lop mel li/.jhoti slruclurc 
(iierel^v crealing a rcduclion ellecl tor said eleclrica! contacl 
poinis ot saiti inlerconnectinft melalizalion sIrucUirc 
wherebv the number ot conlaci points for a particular 
elecd'ical hinciioii wiihm said eleclncal coiiiaci poinis ol 
said lop melalixalion staiclure is smaller lhati llie number ol 
said electrical contact points ot said jnierconiicctm.n meial- 
izatioii siruciurc by a measurable amount whereby Uinlicr- 
morc the sequence or adiaccncy of said electrical contact 
points of said interconnecting metalizalion structure is not 
ncccs.sariiv the same as the sequence or adjacency between 
said electrical contact ixiuits of said top mctalizalion struc- 

49. A method tor tormina a lop metalization system tor 
high pcrtormance intei^raled circuits, comprising: 

forming an integrated circuit comprising a plurality ot 
devices lornied in and on a scmicontliictor substrate, 
with an ovcrkysng interconnecting melalr/.ation struc- 
ture connected io saio devices and cotiipnsiiijj a plu- 
rality ol lir-) metal linti, 

depaslting an insulating, separating hyer over said semi- 
conductor substrate; 

forming openings through said insulating, separating 
layer !o expose upper metal portions of said intercon- 
necting metalization structure; 

depositing inetaJ contacts in said openings; and 

forming said top nictah/.ation system conneclccl lo .saio 
insei'cnnnccting mclah/alion stmcture, wheiem ,saUi 
lop metalization system comprises a plurality ot top 
metal lines, m one or more layers, having a width 
suijslantiallv greater than saic! first metal lines. 

50- I hc method ol claim 49 wherein .said top metnliralion 
system comprises signal lines that a;e sulxstantially wider 
than hues in saul overiayinn iMi<:rcanr.cciing mctahKation 

51. Ihe method ol claim 4J wherein saul lop nielalizalion 
system comprises power buses that are substantially widei 
than fines in said interconnecting metahzalioii structure. 

52. "ITie method ot claim 49 wherein said top metalization 
system com])rises ground buses that are siilistaiitiaily wider 
than lines in saiti interconnecting metalv/jition strtictunj. 

53. Hie method ot claim -19 wherein said top iiietah/ation 
system comprises oianes that contain both signal lines and 
power buses that arc substanliallv wider than lines m said 
interconnecting metalization slnicttirc. 

54. The method of claim 49 wherein said top mctahzadon 
system comprises planes that contain both signal lines and 
ground buses that arc substantially wider than lines in said 
ovcrlaving intcrconnociing mciali/.ation structure. 

55. Hie method of ciaim 49 wherein said top metalization 
system compri.ses planes that contain both power buses and 
ground bii.scs that are substantially wider than lines in said 
ovcrlaving inlerconncctinii metalization structure. 

56. ilic method ot claim 49 wherein said overlaying 
intcrconnocluig metalization structure comprises eiuclrical 
cnntnci nciinis wherebv .said contact pomtscan comprise aiiv 
a])[iro[ir!alo conlaci niaienal. such as but not limited m 
tungsten. coi)j)cr (electroplated or clcctrolcs.s), aluminum, 
polysilicon. or ihe like. 

57. Ihe method of claim 56 wherein the size of said 
contacl points !S withm the range of approximately 0.3 uni. 
to .■).() um. 



5S I he method cr. claim 49 furllier comprising depo.siling 
a pas-sivalKin liivur over said mlcrconneclmg melahzalion 
siniclure. 

59. The methotl ol claim 5ti wherein said passivalion layer 
comprises Plasma Enhanced CVD (PBCVD) oxide. 

60. 1 he method of claim 58 wherein said passivation layer 
comprrscs Plasma Lnhanccd CVD (PbtVD) nitride. 

61. Ihc method ol claim 49 wherein Siid msulanng, 
se))arat]ng laver is a polymer oiclecinc layer or any other 
appropriate insulating material. 

62. ITie method of claim 49 wherein said uisulaiing, 
.sc|)arating laver is s elected from trie group comprising 
polvimKie and ben/.ocyclobutene (BC13). 

6J. A metiiod tor lorriiiiig a lop metalization syslcni for 
high jierlormancc integrated circuits, comprising lorming 
an mlegralcci circuit comprising a pliirnlity ol devices 
formed in and on a scmiconduclor substrate, with an over- 
laying interconnecting melalrzalion structure connected to 
said devices and comprising a jjluralilv ot hnc-wirc metal 

depositing a pa,ssivaiion layer over .said interconnecting 
fine-wire melalisiadon .structure; 

depositing an insulating, separating layer over said pas- 
sivation layer that is substantially thicker than said 
passivation layer; 

tormine openings through said insulalini;, sejiarahng 
layer to expo.se upjior metal portions ol .said overlaying 
inlci connecting melali/.ation .stiuctuie, 

depositing metal conlacls in said openings theicbv raising 
a ])lurality of contacl points in .said overlaying inter- 
connecting metalization structure to the loj) .surtace of 
.said insulating, separating layer thereiiy creating 
elevated inlerccmnecting melali/.alion conlaci points; 

forming said lop metalization svslem connected to said 
overlaying interconnecting metahzalion stmcture, 
wherein said lop melahzalion system comprises a plu- 
rality ot top wide-melal lines, in one oi' more layers, 
having a width sub.slaiUially greater than said tinc-wire 
iiielai lines, wherein said lop nictalization system 
dirccUv interconnects said elevated inleiconilecting 
melali/iition conlaci points thereby lunctionally 

necis with said wide-wirc metal intcrconnecls thereby 
liirlhemiore cslabkshing cieclncal interconnects 
between multiple points within .said tine-wire inlcrcon- 

64. I he method of claim G3 wherein said ton metallisation 
.system comprises signal linos that arc substantially wider 
than lines m said interconnecting metalization simcturc. 

65. I he method ol claim ()3 wherein said Sop melahxalion 
sy.stcm comprises power pianos that are substantially wider 
than lines in said interconnecting metalization structuro. 

h6. I he iiietnod ol claim 03 wherein said top metahzalion 
system comprises grouixl planes that arc subslanfially wider 
than lines in said mterconneclina melahzalion sliucUire. 

67. 1 he melliod ol claim 63 wherein said pa.ssivalion layer 
comprises Piasma Enhanced CVD (PECVD) oxide. 

68. I ho niolbod ol claim 63 wherein said pa.ssivalion layer 
comprises Pia-snia hnhanced CVD (PLCVD) nitride. 

69. Ihe meihoti of claim 03 wherein said insulating, 
separating layer is a polymer dielectric layer or any other 
ajipropriate in.sulatmg material. 
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70. The melliod of claim 63 wherein said insulating, 
separating layer comprises polyimide. 

71. The metlioci of claim (53 wherein said in-sulating, 
.separating layer comprises the polymer benzocycloNtene 
(BCD). 

72. Tlic melhot! of claim 63 wherein said in.siilaling, 
separating layer is of a thickness after curing within the 
range of approximately 1.0 to 30 urn. 

73. The incthod of claim 63 wherein said insulating, 
separating layer is .spin-on coated and cvired. 

74. 'I1ie method of claim 63 wherein said openings have 
an aspect ratio within the range of approximately 1 to 10. 

75. The method of claim 63 wherein said metal contacts 
i.s selected from the group comprisiiig sjiiittered aluminum, 
CVD tungsten, c;VD copper, electroplated cojiijcr, electro- 
less nickel nnd damascene metal filling. 

76. The method of claim 63 wherein said openings 
through said insulating, separating layer have sloped sides 
and wherein each of said openings is wider at its top. 

77. The method of claim 63 thereby furthermore func- 
lionally and physically extending said lop melalization sys- 
tem connected to said overlaying interconnecting metaliza- 
tion structure, wherein said top mcfaliz.alion system 
comprises a plurality of ground planes, in one or more 
layers, wherein fui thermore said overlaying interconnecting 
metalization -slnicturo directly interconnects a mulfiplicily of 
ground wires said ground wires to be connected with fino- 
wiro ground wirc-s Sherebv Lrmcnonnliy cxtendmn or con- 
necting said fine-wire ground wire metal inteiconiiects with 
said wide-wire metal ground wire interconnects contained 
within said lop metalization system thereby extending the 
hnc-wirc ground wires as contained within the overlaying 
interconnecting metalization structure with s<iid top metal- 
ization system. 



78. 'Hie method of claim 63 thereby furthermore func- 
tionally and physically extending said tO]) metalization sys- 
tem connected to said overlaying interconnecting meiaiiza- 
tion .^ructure, wherein said top metalization system 
comprises a plurality of signal planes, in one or more layers, 
wherein furthermore said overlaying interconnecting metal- 
iKtition structure directly interconnects a multiplicity of 
signal wires said signal wires to be connected with fine-wire 
signal wires thereby Cunciionally extending or connecting 
said line-wire signal wire metal interconnects with said 
wicle-wire metal signal wire interconnects contained within 
said top metalization system thereby extending the fine-wire 
signal wires as contained within the overlaying intercon- 
necling metalization structure with said toj) melalis'.ation 

79. The method of claim 63 thereby I'urtherinore func- 
tionally and ])liysically extending said lop iuctalization sys- 
tem connected to .said overlaying interconnecting mclnliza- 
tion .structure, wherein said top melniization sy.stem 
conipri.ses a plurality of power planes, in one or more layers, 
wherein furthermore .said overlaying interconnecting metal- 
ization structure directly interconnects a multiplicity of 
])ower win^said jxjwcr wires to be connected with fine-wire 
power wires thereby functionally extending or connecting 
said fmc-wire power wire metal interconnects with said 
wiUe-wiie metal power wire interconnects contained within 
said top metalization system thereby extending the fine-wire 
])owcr wires as contained within the overlaying intercon- 
necting meializalion .structure with .said lop melalizjition 
.system. 



RELATED PROCEEDINGS APPENDIX 

None 
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